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EXTRACT FROM THE FOURTH REPORT OF THE ROYAL 
COMMISSION ON SEWAGE DISPOSAL. (1904. Cp. 1883). 


28th December 1903. 


‘““We have considered it desirable to publish, at this stage, the results and informa- 
tion which have been obtained by our own officers in regard to land treatment of 
sewage and methods of analysis, but we shall defer reporting on these matters until 
our investigations, which are now in progress, in regard to other methods of sewage 
treatment, are completed.” (Paragraph 117, page xiii.) 





ROYAL COMMISSION ON SEWAGE DISPOSAL. _ 





REPORT TO THE COMMISSION ON LAND TREATMENT OF SEWAGE. 








IL—GENERAL REPORT. 


The following “General” Report on Land Treatment of Sewage contains a summarised statement - 
of the various results of which the details are to be found respectively in the Chemical, Bacteriological, and. 


Engineering Reports on the subject. 
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SECTION 1 


INTRODUCTORY AND GENERAL SCOPE OF ENQUIRY. 


Having been instructed by the Commission to enquire into the subject 
of the land treatment of sewage, we proceeded to visit a large number of 
sewage farms throughout the country. During our inspection of these farms 
we paid attention to the following points, among others, namely :— 


(I.) The general character of the soil and subsoil, and whether the 
original surface soil had been “lightened” by ashes or other substances, or 
“treated” with chalk. 


(II.) Whether or not the land was drained, and, if so, the nature of the 
drainage arrangements. 


(III.) Whether the land was cropped, and if so, the nature of the 
crops. 


(LV.) (a) Whether the whole of the crude sewage (liquid and solid 
together); or | 

(b) The settled sewage after subsidence in tanks ; or 

(c) The sewage, after chemical precipitation and settling ; or 


(d) The effluent from some other artificial process of sewage treatment 
was being run on to the land. 


_(V.) Whether surface irrigation or filtration was adopted. 


(VI.) Whether the sewage was a domestic sewage or a mixed sewage. 


If the latter, the nature and amount of trade refuse gaining access to the 
sewers. 


(VII.) The provisions made for ‘‘treating” storm water on the land, 
and its bulk in relation to the dry weather flow of sewage. 


(VIII.) The amount of subsoil water gaining access to the sewerage 
system, and also the proportion of subsoil water which reached the effluent 
drains on the sewage farm. 


(IX.) The number of years during which the farm had been in» 
existence. , 


(X.) Whether the whole of the soil was really in active operation, or 
whether any portion of the sewage escaped, in a practically unaltered 
condition, through cracks or borings into the drains. 


(XI.) Whether the different effluents met and mixed together on the 
farm and discharged in a common channel, or escaped separately into a 
watercourse. 


(XII.j} Whether the effluents were being discharged into a drinking 
water or into a non-drinking water stream. 


(XIII.) Other points to be considered were :— 


Whether the soil was fresh or showed signs of being overdone ; whether 
the farm was well managed and supervised; whether it was worked mainly 
with a view to producing a good effluent or to obtaining a profit from the 
_ crops ; and whether the sludge was disposed of on the land of the farm, and, 
if so, how and with what results. 


(XIV.) Further, notes were made with regard to the situation of the 
farm, the total acreage, the total irrigable area, the average area irrigated at 
one time, the population draining to the farm, the population per acre 
irrigated, the number of gallons of sewage per head per day, the dry weather 
flow of sewage per twenty-four hours, the number of gallons of sewage 
treated per acre per twenty-four hours, separate or combined system, cost of 
treatment, etc. 
tY 6225. B 
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The results of our inspection of twenty-nine sewage farms, when con- 
sidered in relation to the above factors and their manifold and complex 
combinations, led us to conclude that it would be best to attack the subject 
ina broad and general way.* With this object in view, we in the first. 
place limited our observations to the treatment on land either of domestic 
sewage, or of sewage containing no excessive amount of trade effluents. 
Secondly, we differentiated farms according to the nature of their soils. 
Thirdly, we confined our investigation of the different kinds of soil to seven 
varieties fairly representative of those found on different sewage farms, and 
in use, or likely to be used, for the purification of sewage, namely, sand, sand 
and gravel, light loam, heavy loam, clay, peat, and chalk. 

Lastly, we chose for detailed observation sewage farms representative of 
the above kinds of soil, namely :— 

Aldershot Camp (sand), Croydon (Beddington) (gravelly loam), 
Nottingham and Cambridge (light loam), Rugby (High Level farm) (heavy 
loam), South Norwood and Leicester (clay), and Altrincham (peaty soil and 
sand). Luton, a typical instance of a chalk sewage farm, was also kept to 
some extent under observation. We also obtained some samples from the 
sewage farms of Worsley (partly peat, partly sand and gravel), Hemsworth 
(clayey soil), Derby County Asylum (stiff soil overlying red clay), Lindfield 
(clayey soil), Sandhurst (sandy soil), and Woking (Bagshot sand). 

Birmingham sewage farm is an exceptionally interesting one, treating 
as it does septic tank liquor; but its great size, the differences in the nature 
of the soil over the farm, and the important consideration of time prevented 
us from including it in this scheme of work. 

In the Bacteriological and Chemical Reports attention is drawn to 
the valuable assistance. which has been rendered in the course of this, 
investigation by our colleague Dr. Gordon, and later by Miss Power and 
Miss Hartley in the bacteriological work; and by Mr. R. B. Floris, A.LC., 
Mr. R. 8S. Finlow, B.Sc., Miss Chick, B.Sc., and later by Mr. E, H. 
Richards, B.Sc., in the chemical work. We are also much indebted to our 
colleague, Mr. Colin C. Frye, for many valuable suggestions. : 

We desire to acknowledge our great indebtedness to the various 
officials connected with the management of these farms for much useful 
information and willing help. In particular our thanks are due to those 
connected with the farms kept under detailed observation. 





* It may be pointed out here that many of the factors about to be dealt with are incapable 
of being weighed or measured as regards their bearing on the subject as a whole. This being the 
case, it 2 may be said at the outset that the subsequent interpretation of our facts, in their relation 
to these variable circumstances, cannot be expected to be other than of the nature of a broad 
generalisation. 
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SECTION I: 


PaRTICULARS RELATING -TO EACH OF THE EIGHT SEWAGE FARMS KEPT 
UNDER DETAILED OBSERVATION (see FOREGOING TABLE AND ALSO 


Diacram 1.)* 


1. Situation of Farm. 


In the following statement the farms are arranged in the inverse order 
of their proximity to the town sewered :— 


Nottingham .. 
Beddington 
Cambridge fe 
Altrincham 
Rugby a 
Aldershot Camp} 
South Norwood { 


.o- about 5 miles. 
. about 3 miles. 


. about 2 miles. 
... about 1 mile. 


. less than 1 mile. 


The advantages on the one hand and the disadvantages on the other of 
having a sewage farm at some considerable distance from the town bower, 


may be summed up as follows :— 


Advantages. 


The whole of the sewage may be 
@un on to the land in a disintegrated 
-and partially decomposed condition, 

without any preliminary treatment. 
In special cases rough screening and 
settlement of the grit may have to be 
resorted to. There are sentimental, 
if not also health, considerations for 
treating sewage in thinly-populated 
districts. The land is likely to be 
cheaper in sparsely-populated areas. 
There is less likelihood of difficulty in 
extending the area of the farm to keep 
pace with a growing population. 


The longer the outfall sewer, the 
more likely is the sewage to have a 
uniform composition and an equable 
flow. 


Disadvantages. 


The solid fecal matter which, taken 
by itself, has a definite manurial 
value and would otherwise be easily 
manipulated, and the cellulose matters, 
which have a clogging tendency, pass 
on to the land with the watery part 
of the sewage, whereas in the case of 
fresh sewage it is not difficult to | 
screen out much of the solid fecal 
matter and a certain amount of the 
paper, and to dispose of it to farmers 
or to make use of it on the farm itself. 


If settling tanks and precipitation 
methods are in operation, the sludge 
is apt to be of small market value 
and is not readily disposed of. 

The longer the outfall sewer, (1) 
the greater the initial cost; (2) the 
greater the cost for repairs, and (3) 
the larger the amount of subsoil 
water likely to gain access to the 
sewer, which, so far as bulk of liquid 
to be disposed of is concerned, is a 
positive disadvantage. 


The distance of a sewage farm from the town sewered is usually 


governed by practical considerations ; 


for example, by the suitability of the 


soil, the necessity for avoiding pumping, if possible, etc. 


The subject is one concerning which it is obviously impossible to pro- 
nounce any decided opinion, but in general cases there would, on the whole, 
seem to be a clear’ advantage in having a sewage farm at a considerable 


distance from the town sewered. 








* We would draw special attention to Diagram 1, which illustrates the chief particulars of 


note in connection with each of the eight sewage farms kept under detailed observation. 
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2. Total Acreage of Farm. 
(See Diagrams 1 and 2.) 


The fo ODS e is the order of the farms arranged according to their 
size :— 











Total Surplus Acreage (7.e. acreage in 

Acreage. excess of the total irrigable area.) 
Leicester. - 3 Bi EO1G- - 1,699 <1 349 (about 20 °/, of the total acreage.) 
Nottingham A eae |e i 907 diy SRG. Aniaae 20 s 1 ) 
Beddington 2) Oo fhe 673 geet, Se , ) 
South Norwood - “ 4 : 191 oom. | 20 A ¥ ) 
Aldershot Camp - - ; 138 eet eos. Se if ss ) 
MMmideg -- - 102 Oe ee ee OT P r ) 
Altrincham - - - z ee 75 40°08 08 9 » ) 
Rugby (High level) — - . : 40 5 (4, e712 2 $3 ) 











It must, of course, be borne in mind that the volume and character otf 
the sewage, and the nature and effective purifying area of the soil varied 
greatly at the several farms. , 

It is obvious that the total acreage of a farm must be relatively much 
greater where the sewage is purified by surface irrigation than where the 
method of deep filtration is employed. 

Apart from, the more important question of the volume of sewage which 
is being treated per acre of the irrigable area, the total acreage of a sewage 
farm is not unimportant. A sewage farm may be so large as to be difficult to 
manage, or so small as to be economically a failure. None of the above 
sewage farms, however, come under either of those categories. 

There is a wide distinction between the total acreage of a farm and the 
total irrigable area. The total irrigable area is that portion of the whole 
farm laid out for irrigation* purposes, and which is actually irrigated at one 
time or another in the course of the year. 

It must not be supposed that the extent of the surplus area (2.¢., acreage 
in excess of the total irrigable area) is a matter of minor concern. ‘It may, 
on the contrary, be of considerable importance, especially if the land under 
sewage is cropped, because, as cereals are practically speaking inadmissible 
on the irrigable area, the crops ought to be of a kind (¢.9., rye-grass) capable 
of being heavily sewaged and readily disposed of when vathered. There is 
frequently an economic advantage in using the surplus area as a dairy farm, 
and feeding the stock with the produce from the irrigable area, especially in 
those cases where there is difficulty in disposing of crops. This, however, 
involves additional capital expenditure, the investment being of a somewhat 
speculative character. Further, if any portion of the surplus area is capable 
of being inexpensively laid out for irrigation purposes (this will depend on 
many factors, ¢.g., contour of the land, etc.), provision exists for further exten- 
sion if required. 

It will be noted, as shown above, that the percentage surplus area varies 
considerably at the different farms. When surface irrigation is adopted, a 
proportionately larger surplus area is naturally desirable. Arranged accord- 
ing to the percentage surplus area, the farms fall into the following order :— 
Altrincham, 53 per cent. ; Beddington, 37 per cent. ; Nottingham and Cam- 
bridge, about, ! 28 per cent. ; Leicester and South Norwood, about 20 per 
cent. ; Aldershot Camp and Rugby, about 13 per cent. 


* The term “irrigation” in this report is applied in the wide sense, 1.e., to the land trea! ‘ment of 
sewage, irrespective of whether the method employed is that of “ surface irrigation” or “ filtration.” 
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The surplus acreage may often be conveniently used for special purposes, 
¢.g., turning out of stock, sludge disposal, etc. ° Further, if it should be 
impossible to obtain new land for extension purposes, it is always possible 
either (1) by gravitation, or (2) by pumping (necessarily an expensive method) 
to utilise the surplus area. 

It is impossible to lay down any rule as regards what the ratio of the 
surplus to the total acreage should be. Each case must be judged on its own 
merits and in relation to the local conditions. But we are of opinion that, 
generally speaking, a large surplus acreage is advisable, and it is naturally of 
great advantage to have this surplus land so circumstanced as to admit of 
the possibility of its being inexpensively laid out for irrigation purposes, if 
required. 

It is assumed, of course, that the total irrigable area is of suitable size 
in proportion to the volume of sewage to be treated. 

A sewage farm with an irrigable area too ‘small in proportion to the 
volume of sewage to be dealt with is obviously to be condemned, no matter 
how large the surplus acreage may be. 


3. Total Irrigable Area. 
(See diagrams 1 and 2.) 


The farms may be arranged according to the extent of the total 
irrigable area as follows :— 


Percentage proportion of 


Total irrigable the total acreage of the 











area (acres). Total Acreage alain available for irriga- 
tion purposes. 
Leicester - - . - - 1,350 1,699 About 79 per cent. 
Nottingham - - - a 651 907 5 OTL Pas 
Beddington - : = - 420 673 iter Ge ane 
South Norwood - . - | 152 191 PMN ae 
Aldershot Camp - - a 120 138 i LOT Ae 
Cambridge - - - - : 74 102 Pern Pilla Ve 
Altrincham : - - - 35 75 bp) ORB 
pitted ia <tr Anew - 35 40 si- of SUL) eu 


The terms total acreage, total irrigable area, and surplus acreage have 
been explained already. It may now be pointed out that there is a funda- 
mental difference between the total irrigable area of a farm and the average 
area irrigated at one time. The latter, of course, is that portion of the total 
area of land laid out for irrigation purposes which, on the average, is being 
at one time actually used for sewage purification. 

The percentage of the total acreage of farm available for irrigation 
purposes is shown in the above table. The following is the order of the 
farms arranged according to the percentage proportion (from the less to the 
greater) of the total acr eage available for irrigation purposes :—Altrincham, 
46 per cent. ; Beddington, 62 per cent. ; Nottingham, 71 per cent. ; Cam- 
bridge, 72 per cent. ; Leicester, 79 per cent. ; South Norwood, 79 per cent.) 
Aldershot Camp, 87 per cent. ; Rugby, 87 per cent. These figures are of 
course the complement of those given under “Surplus Acreage” of farms, 
but they are appended here for the sake of completeness. The larger the 
total irrigable area, the greater is likely to be the working cost. Tn this 
respect surface irrigation methods, which naturally require a proportionately 
greater total irrigable area, compare unfavourably with filtration processes : 
this additional cost, however, is to some extent counterbalanced by the 
return on crops. An important feature is to have the total irrigable area 
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largely in excess of that portion of the irrigable area which is required 
efficiently to purify the normal flow of sewage at one time. In other words, the 
“resting” irrigable area should be considerable, both in order to enable the 
soil to recover its full purifymg power under the ordinary conditions of 
working, and also to allow for emergencies occasioned by a suddenly increasea 
flow. This question of surplus or “resting” irrigable acreage is apt to be 
dominated by farming considerations, and not always by the endeavour to 
obtain the best results possible in the way of purification of the sewage. 

It may thus happen that, to save a backward crop, a totally inadequate 
portion of the total irrigable area is heavily and continuously sewaged, to 
the great detriment of the land itself and also to the quality of the effluent 
that is being produced. It is one thing to be in favour ofa large surplus 
irrigable area and, on economic and other grounds, also to advocate cropping 
the land, and quite another thing to regard the proper purification of 
the sewage as secondary to the farming operations. The surplus irrigable 
area should be regarded primarily as a means of resting land recently 
sewaged, and quite secondarily as a suitable soil for the remunerative growth 
of crops. With good management, however, the larger the surplus irrigable 
area the better not only is the purification likely to be, but also, within 
certain limits, the prospect of profit. Here again, it is assumed that the 
area actually under sewage at one time is sufficiently large to purify 
adequately the amount of sewage that has to be dealt with. 


4. Average Area Irrigated at One Time. 
(See diagrams 1 and 2.) 


Arranged according to the average area irrigated at one time, the farms 
come in the following order :— 

















Average area Total Percentage of the total 
irrigated at irrigable irrigable area actually 
one time. area. irrigated at one time. 
Acres. Acres. 

Leicester : - - . 337 1,350 About 25 per cent. 
Nottingham - - - - 300 651 pe 20 ass 
Beddington - - - - 70 420 pe ALB Wt, 
South Norwood” - . : 50 152 SOE Es ieee te 
Aldershot Camp~ - - 40 120 Ale Rs ca eetlay 
Cambridge - - - - 18 74 Gus Yes 
Altrincham” - - - 3 17 35 AROS eG 
Rugby - - - . : 7 35 RZ st Kae 











These figures are of great importance because, when considered in con- 
iunction with the dry weather flow of the sewage, they shew the volume of 
sewage actually treated per acre. The area is naturally greater in the case 
of the surface irrigation farms. The proportion of the total irrigable area 
on the average under sewage at one time must obviously have an important 
bearing on the results obtained. ‘This point raises the very complex question 
of intermittency. The more porous a soil, the more sewage it is usually 
called upon to treat per acre; but whether or not it is better heavily to - 
sewage a limited area with long intervals of rest, or lightly to sewage a larger 
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area with shorter pericds of rest, is a moot point. It would be desirable. 
that this subject should be studied in a systematic manner. 

Nor do we know, with a given ratio between the “working” area 
and total irrigable area, whether it is better to have long or short. periods of 
working and resting. For example, with a ratio of one of “ working” area 
to two of total irrigable area, is it better to sewage the “working” area on 
alternate days or for alternate weeks, or alternate months? In practice great 
variations occur at the different sewage farms, but at each particular farm: 
the variations are not usually considerable, except when large volumes of 
storm water have to be dealt with. 

It will be noted that the percentage of the total: irrigable area actually 
sewaged at one time varied considerably at the several farms. The order 
(from the greater to the less) is as follows :-—Altrincham, 48 per cent. ; 
Nottingham, 46 per cent.; Aldershot Camp, 33 per cent. ; South Norwood, 
33 per cent. ; Cambridge, 24 per cent.; Leicester, 25 per cent.; Rugby, 
20 per cent.; Beddington, 16 per cent. 


5. Population Draining to Farm. 


(See Diagram 1.) 


The following is the order of the farms arranged according to the popu- 
lation. 








Population per acre of 
Population. Total acreage of farm} the total acreage of 
‘the farm. 
Nottingham* — - - 258,584 907 285 
Leicester* - - - 197,000 1699 116 
Beddington - : 100,000 673 148 
Cambridge- - - ~ 50,000 | 102 490 
South Norwood - - 21,000 191 110 
Aldershot Camp - - 20,000 138 145 
Altrincham- - - 18.000 75 240 
Rugby - - - 6,000 40 150 














It has been shown that the order of the farms is the same in relation to 
the total acreage, total irrigable area, and average area irrigated at one time. 
Here it will be noted that the order is not quite the same, Nottingham taking 
the place of Leicester, and Cambridge preceding both South Norwood and 
Aldershot Camp. Side by side with the population, we give the total acreage 
of the farms and the population per acre of this total acreage; but it is 
obvious that in acquiring land for sewage purification purposes, the calculation 
should not be one of population to total acreage, but one of population to 
that portion of the total area which it is proposed to lay out for irrigation 
purposes. The order of the farms relative to the population per acre of the 
total area of the farms, is as follows :—Cambridge, 490; Nottingham, 285 ; 
Altrincham, 240; Rugby, 150; Beddington, 148; Aldershot Camp, 145; 
Leicester, 116; South Norwood, 110. 


* See fostnote on next page. 
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6. Population per acre irrigated, 
(See diagrams 1 and 3.) 
This figure is of course arrived at by dividing the population by the 


acres of land laid out for irrigation purposes. The following is the order of 
the farms :— : 








Difference between 
Popula- . Population | the population per 
tion per oper eave per acre of | acre of the total 
or below the 
acre irri- the total | acreage, and the 
mean. 
gated. acreage. | population per acre 
of irrigable land. 
Cambridge -— - 675) | +370 (about 121 per cent.) 490 185 
mirmcieteyee | bid] | 4209 4) 68, ) 240 274 
*Nottingham~- - Seti rede y, ) 30 Tee 285 112 
ap 
fos] 
Beddington -~— - 238 © tet GE LE tea) 148 90 
3 
Rugbyrioe) 171 1S —134( , 43 4 ) 150 21 
of 
Aldershot Camp 166 —139( ,; 45 ce) 145 21 
*Leicester - - 146 L159'( §)'72 52 ay} 115 31 
_ South Norwood — - BOBS) eG Til ryan fi fO4 © Proper p) 109 29 








Here it will be noted that the order of the farms is greatly altered, the 
filtration farms coming to the front and the surface irrigation farms, generally 
speaking, falling behind. Nevertheless, as the number of gallons of sewage 
per head per day is a variable factor, the population per acre irrigated taken 
by itself may be misleading as a basis for calculating the work done by land. 
It is true that the greater the dilution of the excremental matter with the 
water supply and with subsoil water, the less strong is the sewage; but the 
difficulty of treatment is a question of volume of sewage as wellas of strength. 
As has been pointed out elsewhere, it is easier to treat a larger volume of a 
weak sewage than a smaller volume of a_ strong sewage, so as to 
bring the resulting effluents within the pale of the fixed standards 
of purity which are adopted in different parts of the country. But, 
notwithstanding this, the effluent from the stronger sewage, though 
apparently worse, might on examination yield actually better results than the 
other, 7.¢., might contain less organic matter of a readily oxidizable character 
(cf. Chemical conclusions to this Report ; Sub-section on Standards). Asa 
general rule, the poorer the population the less water is used per head. 

For purposes of comparison we have given above the population 
(1) per acre irrigated and, (2) per acre of the total acreage, and the difference 
between these. Itis obvious that, if proportionate surface areas of the 
total acreage of the farms had been available for irrigation purposes, a 
very different number of persons per acre would have had to be dealt with 
than was actually the case. For example, Altrincham was treating on a 
small proportion of its total acreage the sewage of a relatively large 
population. 








___* With regard to Nottingham and Leicester, as pointed out elsewhere, the excrementa 
“matter of a portion of the population is kept out of the sewers. On the other hand, those two 
sewages contain considerable quantities of trade refuse. . 


6225 C 
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7. Gallons of Sewage per head per day. 
(See diagrams 1 and 3.) 


Arranged according to the number of gallons per head per day, the 
farms come as under :— 











Gailons of Sewage per Gallons above or below the 
head per day. mean of 40 gallons. 

Aldershot Camp -~ - - 50 \ + 10 (about 25 per cent.) 
Rugby - - : : - 50 + 10 (about 25 per cent.) 
Cambridge - - - - 45 Fe 5 (about 12°5 per cent.) 
Altrincham - - - - 44 +4 Average, + 4:4 (about 11 per cent.) — 
Beddington - - : - 40 | Ae Average number. 
Leicester = - : - “yl 36°8 — 3:2 (about 8 per cent.) 
South Norwood - . a 28°5 — 11°5 (about 28°7 per cent.) 
Nottingham - : - - | 27-0) — 13 (about 32°5 per cent.) 





It will be noted that the volume of sewage per head at Aldershot was: 
nearly double that at Nottingham (the two extremes). 

As previously pointed out, it seems unadvisable to make the population 
alone the basis for calculating the land required for sewage purification. 
Because, as is clearly indicated by the above figures, the volume of sewage 
per head per day varies at the different farms by as much as about 100: 
per cent., and volume as well as strength of sewage is a matter of great 
importance. The above marked differences in the volume of sewage per 
head per day may be accounted for by the differences in :— (1) Water 
supply ; (2) Subsoil water; (3) Manufactories and private sources of water 
supply. For example, the relative positions of Aldershot Camp and 
Nottingham are chiefly owing to the very large water supply per head in 
the former case and the small water supply in the latter (largely due to the 
great number of tub closets). Rugby is an example of a sewerage system 
in which a large amount of subsoil water gains access to the sewers, and the 
same remark applies to Cambridge. Leicester, although the volume of 
sewage (37 gallons) per head per day is not very large, is an example of a 
town having a small water supply and a considerable quantity of refuse water 
from manufactories. 


8. Dry Weather flow of Sewage per 24 hours. 
(See diagram 1.) 





Dry weather flow 


| * 
per 24 hours (gallons) Notes as regards storm water. 








Leicester - 7,250,000 About 24 times the dry weather flow is treated. 

Nottingham - - 7,000,000 Very little storm water is treated. 

Beddington (Croy- 

don’) Say bens ns 4,000,000 All the storm water which gains access to the sewers: 

is treated on the farm. 

Cambridge ~ - - 2,250,000 A small amount only is treated at the farm. 

Aldershot Camp - 1,000,000 All the storm water which gains access to the 
sewers is treated on the farm.t 

Altrincham - : 800,000 Very little storm water is treated. 

South Norwood — - 600,000 All the storm water which gains access to the sewers 

is treated on the farm. 

Rugby - - . _ 800,000 Nearly all the storm water is treated. 


FA 


* As regards the relative volumes of storm water treated, Beddington and South Norwood 
treat most, Rugby less, Cambridge and Leicester still less, and Nottingham, Altrincham and 
Aldershot Camp least. 

+ The surface (or storm) water, however, is almost entirely taken off by the separate system, 
and consequently only a small amount reaches the farm in this case. 


Diagram 3. 
population per acre wrigated ; and ( 2) the average 
numoer of gallor-s of sewage per head per day. 


Percentage above or below the mean of (1) the average 
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_ The above figures, divided in each case by the average area irrigated at one 
time, give the gallons of sewage treated per acre per twenty-four hours. 

It is perhaps a point worth noting that, during a portion of each day, and 
on one day as compared with another, the rate of flow fluctuates to a con- 
siderable, even to a marked extent. Managers of sewage farms learn how 
to deal with the above irregularities of flow because (excepting when trade 
effluents are sent down in flushes) they usually occur at more or less regular 
intervals. But when to these fluctuations is superadded the uncertain 
element of storm water, the difficulties are largely increased, particularly in 
the case of surface irrigation farms. This is only one of the many conflicting 
factors which cannot be accurately weighed or estimated, but which, never- 
theless, have an important bearing on the land treatment of sewage. Some 
farms treat nearly the whole, others only an inconsiderable portion of the 
storm water. Relative to the dry weather flow, the volume of storm water 
may be large or small. It may tend to occur (a) in occasional but heavy 
flushes, or (b) more frequently but in less volume at a time. 


Beddington (Croydon) and South Norwood are examples of sewage farms 
which treat the whole of the storm water reaching the sewers, although it 
must be remembered that the separate system is in use over a portion of the 
area sewered. The whole question has been treated so fully in the Engineering 
Report* that it does not seem desirable to enter into further details here. 


_ It must be carefully borne in mind that the number of gallons stated to 
be treated per acre, etc., is based on the dry weather flow, and does not 
include storm water. If this were included, the volume actually treated per 
acre (especially in the case of Beddington and South Norwood) would be 
very greatly increased. 


9. Gallons of Sewage (exclusive of storm water) treated per acre per 
twenty-four hours. 


(See diagrams 1 and 4.) 











Colones Gallons Bese ade the mean 
Cambridge - - - - 121,600 + 77,938 (about 178 per cent.) 
Beddington - - - - 57,100 + 13,438 (about 31 per cent.) 
Altrincham - . 5 E 46,000 + 2,338 (about 5 per cent.) 
Rugby - - - - - 42,800 Average — 862 (about 2 per cent.) 
Aldershot Camp - -~ - 25,000 ie — 18,662 (about 42 per cent.) 
Nottingham - —— - Sat Wee 23,300 — 20,362 (about 46 per cent.) 
Leicester - - - - 21,500 -- 22,162 (about 50 per cent.) 


South Norwood - - - 12,000 — 31,662 (about 72 per cent.) 


These figures are arrived at by dividing the dry weather flow of sewage 
by the average area irrigated at one time. 


As might be anticipated, the filtration farms in general treated much 
more sewage per acre than those where surface irrigation was followed. 
Cambridge, Nottingham, Aldershot Camp and Altrincham are filtration 
farms; the others are surface irrigation with some filtration, the propor- 
tion of filtration being greatest at Beddington. 


Beddington and Rugby were treating a large volume of sewage, 
considering that they are combined surface irrigation and filtration farms. 
This is, in part, explained by the fact that Beddington was “working” 
only 16 per cent. and Rugby only 20 per cent. at one time of the total 
irrigable area. In other words about five-sixths and four-fifths respectively 
of the total irrigable areas were “resting.” 


* Part IV.: Engineering and Practical Report. 
6225 c 2 
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The remarkable difference between the volumes of sewage treated per 
acre at Cambridge and at South Norwood (the two extremes) is worthy 
of comment. The former farm dealt with ten times the volume of sewage 
and approximately ten times the amount of organic matter that the latter 
did. The two sewages do not differ greatly in strength, so leaving out of 
account in the meantime quality of effluent, it is obvious that a filtration farm 
may be used to treat far more sewage than a surface irrigation farm. But, 
as will presently be shewn, the soil at Cambridge is admirably adapted for. 
sewage purification, whereas the soil at South Norwood is not very well. 
suited for this purpose. 

We have already pointed out that, in our opinion, the basis for calcula-_ 
ting the area of land required for sewage purification should certainly not be 
the population relative to the total acreage of the farm, nor even the popula- 
tion relative to the total irrigable area ; but that the latter factor should be 
taken in conjunction with the volume and strength of sewage, and with the 
quality and effective purifying area of the soil and subsoil. 

It will be noted that on the average the farms were treating 43,662 
gallons per acre at one time. 


10. Gallons of Sewage treated per acre per 24 hours, on the assumption 
that each acre of the irrigable area is under sewage during the whole time. 


(See diagrams 1 and 4.) 


Gallons above or below the mean 
Gallons. of 12,427 gallons. 








Cambridge- : - - 30,400 +17,973 (about 144 per cent.) 
Altrincham : - - 23,000 +10,575 ( ,, 85 Sa ee 
Nottingham — - - : 10,750 LOTS | ee uals 
Beddington 2 : 9,500 Average —2,927 ( , 24 eee 
12,427 
Rugby — - - - - 8,500 gallons. —3,927 -(' 4 Be rity af 
Aldershot Camp- - 2 8,300 —4,127° (5, 338 shu 
Leicester - & ; 3 5,370 — 7,057 = ae a so 
South Norwood : - 4,000 —8,427 ( ) 


) 68 oP) 


These figures are obtained by dividing the dry weather flow of sewage 
by the total irrigable area, and they are given here in order to facilitate 
comparison. 

It will be seen that whilst Cambridge still occupies the first place,. 
Altrincham is now second instead of third on the list, Nottingham has come 
from the sixth to the third place, and Beddington has fallen to the fourth 
place; then follow Rugby, Aldershot Camp, Leicester and South Norwood, 
the two last unchanged in order, 

- It must be definitely understood that the above figures are for compara 
tive purposes only; they do not represent the volumes of sewage actually 
being treated per acre per 24 hours, but the volumes of sewage that 
would be treated per acre per 24 hours if the whole, instead of only a 
certain proportion, of the total irrigable area were being continuously 
sewaged. The figures thus obtained allow of a direct comparison being 
made between different sewage farms and between sewage farms and - 
artificial processes of sewage treatment, so far as surface acreage is 
concerned. The results of isolated analyses of effluents must of necessity 
be compared with the volume of sewage being actually treated per acre of 
the total irrigable area at the time those samples of effluents were drawn ; 
but ifit were possible to calculate the absolute average quality of the 
effluents throughout the complete cycle of the intermittent treatment on the 
whole of the irrigable area, or, better still, throughout the whole year, then 
the comparison would be made with the volume of sewage treated per acre 
of the total irrigable area. At first sight this point may not be very obvious, 
but a reference to the figures given under headings 9 and 10 will make it 


Diagram 4. 


Percentage above or below the mean of the average number of 


the average area wrigated at one time; and (k) on the assumption — 
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that the whole of the wrigable area ts under sewage at one time. 
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clear. Thus Cambridge, which actually treats on the average 121,600 gallons 
of sewage per acre per 24 hours, would treat theoretically 30,400 gallons (one- 
quarter of the above) per acre of the total irrigable area. In other words 
three-quarters of the soil is at rest in actual practice and one-quarter at 
work. Again, Nottingham, though actually treating 23,300 gallons per acre 
per 24 hours, treats theoretically 10,750 gallons (rather less than one-half of 
the above) per acre of the total irrigable area. Thus, at Nottingham, twice 
as much of the total irrigable area proportionately is utilised at one time for 
purification purposes as at Cambridge. This is a point of great importance 
because, although Cambridge actually treats at one time about five times 
the volume of sewage per acre treated by Nottingham, it really treats less 
than three times the volume per acre per annum. ‘The difference thus arises 
from the fact that, while Cambridge rests three-quarters of the total irrigable 
area, Nottingham rests one-half. 


It is impossible to lay down any hard-and-fast rule as regards the proper 
proportions between the area actually being irrigated at one time and the 
surplus (‘‘resting ”) irrigable area. Each case must be judged on its own 
merits, but broadly speaking the tentative assertion that at least (a) four- 
fifths of a surface irrigation farm and (b) two-thirds of a filtration farm 
respectively should be at rest, is probably not remote from the truth, it being 
assumed that (a) one-fifth, and (b) one-third are capable of effectively 
purifying the sewage until such time as the next one-fifth and one-third 
respectively of the surplus irrigable area, due in rotation, have been 
sufficiently rested. The above is subject to the reservation that the whole 
question of intermittency is but little understood, and, as we have said before, 
whether or not rapid or slow alternations of working and rest are advisable 
we are unable to say. 


The working of a sewage farm involves the personal equation and, if a 
competent manager finds that it makes for the general purity of the effluents 
to vary his plans of procedure according to the flow of sewage, the season of the 
year, the varying capacity of different areas of the farm efficiently to treat 
the sewage, and other factors too numerous to mention, we think that within 
reasonable limits his judgment may be trusted. 


As has just been said, whether the periods of intermittency should be 
long or short is a moot point ; but there can be no question that the surplus 
(‘resting ”) irrigable area should be considerably in excess of the average 
area irrigated at one time (“working area”). Were it reasonably practicable, 
we should press both for a larger area being irrigated at one time than is 
at present considered necessary, and for a more than) proportionately larger 
area (surplus irrigable area) being set aside for ‘“‘resting” purposes and for 
the formation and the storing of oxidised nitrogen. 


11. Characters of the Sewage. 


The following figures give the order in which the sewages may be roughly 
arranged according to strength (from the strongest to the weakest), as 
judged by chemical analysis.* 


Aldershot Camp 
South Norwood 
Rugby 

Beddington (Croydon) 
Cambridge 
Altrincham 
Nottingham, four-sevenths domestic, three-sevenths trade refuse. 
Leicester, three-fourths domestic, one-fourth trade refuse. 


} Domestic. 


Mainly Domestic. 


ee OO See 


* The “ strength” of the sewage is usually best judged by chemical analysis. For the 
bacteriological results reference must be made to the Bacteriological Report (Part III). 
On the whole, Altrincham, Cambridge and Leicester were weak sewages from the bacteriological 
point of view. The others varied from medium to strong sewages. 
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The farms themselves are here arranged according to whether they are 
treating domestic, mainly domestic, or mixed sewage. There seems to be 
little doubt that, although sewage containing a large amount of trade refuse 
can be treated satisfactorily on land, the presence of the latter has some 
inhibitory effect on the purification. 


But there is also the important question of the strength of the sewage. 
It is true that the volume of the sewage is considered by some 
authorities to be of as great, if not greater, importance, than its strength, but 
this proposition is to be accepted with some limitations. It is probably as 
easy toreach a given standard percentage purification (z.e., effluent as compared 
with its corresponding sewage), with a strong sewage of small volume, as 
‘with a weak sewage of large volume. But, if we elect to go by a fixed 
standard of actual results, irrespective of the strength of the sewage and of 
the volume of the effluent, it is quite certain that a weak sewage of large 
volume can be more readily brought within the limits of such a standard 
than a strong sewage of small volume. 


To some extent this difficulty is overcome by modifying the standards at 
present in vogue, pitting against a slight excess of organic matter in an effluent 
a reserve of oxidised nitrogen and determining the degree and rate of 
fermentability of the liquid. Further, it would be logical, although perhaps 
impracticable, to take into account the ratio of the volume of the effluent to 
that of the water of the river into which the effluent is being discharged, and 
to demand a purification pro rata with the volume of the effluent, in which 
case a weak sewage of large volume might be required to yield a purer 
effluent than a strong sewage of small volume. It isto be noted, for example, 
that in some towns the sewage is very weak, and can be fairly easily 
“treated” so as to yield an effluent that will pass existing standards of 
purity without necessarily reaching a high percentage degree of purification 
as compared with the original sewage, and without sufficient oxidation 
having taken place. Yet the volume of such effluents in relation to 
the volume of the rivers into which they are being discharged may be 
very great. Or, to take a suppositional case, one town may be abstracting 
from a river water for waterworks purposes at the rate of 40 gallons per 
head of the population per day, while another town under otherwise 
parallel conditions is using 20 gallons. Both these towns, let us say, adopt 
the same methods for sewage purification purposes. Are we to conclude 
that the effluents from those two towns, similar in respect of population and 
other circumstances, but the one discharging twice the volume of effluent 
into its particular river, are to be judged by the same standard, notwith- 
standing that the volume of the polluting liquid in the former case 
exceeds that of the latter by 190 per cent.? (Compare ‘Chemical conclu- 
sions” to this Report ; Sub-section on Standards). 


It might indeed be contended that the town with the strong sewage of 
relatively small volume should use the same area of land or of bacteria beds 
(double the area per unit of sewage) as the town with the weak sewage of 
relatively large volume. But this does not touch the question of the 
difference in the volume of the effluent in the two cases, or the fact that the 
effluent from the weak sewage might, as judged by standards of degree and 
rate of fermentability, be less pure than the effluent from the strong sewage. 


The strength of the various sewages can be best judged by referring 
to the Chemical Report (Part II.). But an abstract of some of the results 
may be given, in order that an idea may be formed of the strength of 
the sewage which the soil at each of the above eight sewage farms was 
being called upon to treat. | 


1. Aldershot Camp Farm. 


This sewage is purely domestic and is very strong, more especially 
as regards ammonia and organic nitrogen. It has, however, such a 
short distance to travel before it reaches the farm that the screening of 
the grosser solids from it is very easy; and hence, although it is only allowed 
one hour’s stay in the settling tanks, the amount of suspended solids in the 
Sewage as run on to the land is not excessive. 
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The hourly* samples, in three sets of 24 hours each, gave the following 
average figures :— 








—_—— Parts per 100,000. 


Total Nitrogen - - - . - - - - . 13°3 
Total Organic Nitrogen - : BE ‘ . i } 5] 
Albuminoid Nitrogen - : fi u 4 3 3 1:62 
“ Oxygen absorbed” from permanganate in four hours at 

mee CO. (80°.F.) = -— - : : Bs hie. 4 20:8 
Chlorine . 2 : 5 3 - Z i 15-0 
Solids in suspension — - : . : - - Boo ne 36°6 
(Containing “Cellulose”) — - - 2 4 b hes 4:0 


2. Rugby Farm. 

This sewage is domestic, excepting that it contains a large quantity of 
oil from an engine works, which is skimmed off twice a day from the surface 
of the settling tanks, because of the injury that it formerly caused to the 
erowing rye grass. The sewage is screened and settled after arriving at the 
farm. On arrival it is in a fairly fresh condition and not well broken up. 

Three sets of hourly samples gave the following results :— 














——. Parts per 100,000. 
Total Nitrogen - _ - - - - : - - - 9-7 
Total Organic Nitrogen - - - . - - - 3°3 
Albuminoid Nitrogen - : : : - - : - 1-7 
“ Oxygen absorbed ” in four hours - : - - - : 18-4 
Chlorine - - - - - - - - - - 10:0 
Solids in suspension — - - - - “ - - al 47°3 
(Containing “Cellulose”) —- - : off) sey 7:2 








3. Nottingham Farm. 


This sewage contains about 40 per cent. of its volume of trade refuse 
from a variety of sources. It is only partially screened, but owing to its 
long journey, arrives at the farm in a well broken up condition. 

Three sets of hourly samples gave the average figures :— 





—<—— Parts per 100,000. 


Total Nitrogen - - - - - - : - - sd ethos 
Total Organic Nitrogen - : - . - - - 3:2 
Albuminoid: Nitrogen - - . : - - . - 1°8 
“Oxygen absorbed” in 4 hours” - - . - - 23°2 
Chlorine iver - - - - - - - . - 13:7 
Solids in suspension = - - - - . - = 52-07 
(Goncaiming “Cellulose:”) <9" 225 Se Sor 





* The hourly samples were all drawn in equal volumes per hour, and not according to rate: 
of flow (cf. Part II. Chemical Report). 

+ This figure is probably higher than the normal, owing to rain washing out the sewers on 
one of the days just before the hourly samples began to be drawn. 
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4. Leicester Farm. 


This sewage contains about one-fourth of its volume of trade refuse of 
different kinds, this refuse being largely of an objectionable nature. 


It is screened and settled, the settlement being for about two hours or 
a little longer. 


The sewage, though of moderate strength as regards nitrogenous matter, 
contains relatively a large proportion of oxidizable substance, as measured 
by the “oxygen absorbed ” test, this being without doubt due to some of the 
manufacturing refuse present. The sewage arrives at the farm in a well 
broken up condition. 


Three sets of hourly samples gave the following figures :— 








Fae <lb, Parts per 100,000. 


Total Nitrogen - . - . - . - - 8:1 
Total Organic Nitrogen - - - - - - - 2°3 
Albuminoid Nitrogen - - - - : i = 12 
“Oxygen absorbed” in 4 hours - . : - - 22°4 
Chlorine - - - - - - ; - - 13-4 
Solids in suspension - . - : - 34:1 
(Containing “Cellulose ”)- : - : - - - 6:2 (Two analyses). 











5. Croydon (Beddington). 


The sewage is practically all domestic. The whole of it is screened, and 
in addition one-quarter of it passes through small settling tanks, in which 
however the settlement is very inadequate. 


Seven sets of hourly samples gave the following figures :—(Some rain 
fell on two of the days when they were drawn). 











ee ptr. Parts per 100,000. 
Total Nitrogen - - - 7:2 
Total Organic Nitrogen - — - - . - - 21 
Albuminoid Nitrogen — - - - - - - 0°9 
“ Qxygen obsorbed” in 4 hours - - - - - 12°5 
Chlorine- -~ - Lee ; 2 6 a | 83 
Solids in suspension . - - - : - - 34°5 





6. South Norwood Farm. 
This sewage is purely domestic. 


Excepting a/Small portion which is settled only, it is screened and settled. 


Judging from the low figures obtained for suspended solids, the settlement 
must be on the whole good. 
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Seven sets of hourly samples gave the following results : — 





Parts per 100,000. 





Total Nitrogen : - 2 soeltony \ z 5-2 
Total Organic Nitrogen - Stem a ter, hae Fs hie 1°5 
Albuminoid Nitrogen — - - ; Ss 0-7 
“ Oxygen absorbed” in four hours - - : ‘ E 77 
Chlorine - - ! - : ‘ : p 75 

21°9 


Solids in suspension - - - = : ‘ . 





7. Cambridge Farm. 

The sewage is almost purely domestic, and it is rather weak. From the 
centre of the town to the farm is a distance of about 3} miles, so that, with 
the screening at the pumping station and the breaking-up action which the 
pumps exert, the sewage arrives at the farm in a well broken up condition. 
It receives only about half an hour’s settlement in one tank at the farm. 


Three sets of hourly samples* (stronger than the chance samples, 
which was unusual) gave :— 





Parts per 100,000. 





Total Nitrogen . - - . - - - 5-7 
Total Organic Nitrogen - . - - - - : 9 
Albuminoid Nitrogen - - - - - - - 0-9 
* Oxygen absorbed” in four hours. - - - - - 10-1 
Chlorine. - - - : i é 2 ‘ f 85 
Solids in suspension - - . - - - - - 26°5 
(Containing “Cellulose”)- - -  -~ - - - 4:5 





8. Altrincham Sewage Farm. 


The Altrincham sewage may be taken as purely domestic, there being 
practically no trade refuse in it. It contains the washings from streets, roofs: 
and backyards during storms. The sewage is weak, and it arrives at the 
farm in a fairly fresh condition. 

No sets of thourly samples were taken, only four chance samples of 
sewage and five of lagoon liquor, the latter being if anything the stronger. 
As has been stated in the Engineering Report, there is practically no 
tank settlement at the farm. There was nothing unusual about the samples 
of sewage examined, the amounts of suspended matter in them being 
moderate ; the lagoon liquors were turbid and had a sewage smell. i 


The following average figures were obtained from four chance samples 
of sewage and five of lagoon liquor (taken together), but they can only of 





* A considerable amount of rain fell while the first set of hourly samples was being drawn, 
but all three sets were very uniform in composition. 
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course be looked upon as very approximate. They are, however, sufficient 
to show the dilute character of the sewage :— 











a Parts per 100,000. 








Total Nitrogen - - - - ¢ . ye tos - 3°56 
Total Organic Nitrogen - - - - - - 2°29 
Albuminoid Nitrogen - ‘ S = = : 0°62 
“Oxygen absorbed” from permanganate in four hours at 

BOO. SOra i yin - - - - - = - 5°22 
Chlorine - - S 3 3 : é ‘ a : | 9-43 








It is desirable to bring some of the facts set forth in subsections 10 and 
11 together in diagrammatic form. This has been done in diagram 5, which 
shows approximately the relative proportions of (a) albuminoid nitrogen ; 
(>) total organic nitrogen; («) total nitrogen; (d) oxidisable matter as 
measured by the 4 hours “ oxygen absorbed” test at 26°7° C. (80° F.), 
which are treated by seven of the sewage farms per acre of the total irrigable 
area. 

These figures are arrived at by multiplying the average figures obtained 
in the analysis of the hourly samples of sewage by the respective volumes 
treated per acre of irrigable area. They are merely relative figures, not parts 
per 100,000. 




















| Gallons of Total Bin 
Sewage /Albuminoid Total pee As 4” 
Name of Farm. | per acre of | 1: Organic 
I"Trrigable | Nitrogen. Nitrogen. | from Per- 
oe Nitrogen. | manganate. 
‘Cambridge - - - . - 30,400 Tha te 57 17-4 30°7 
Aldershot Camp - - - 8,300 1:34 4:2) aj), dds 17°3 
Nottingham - - - 10,750 156% 3°4 8°3 25°0 
Rugby - - - - 8,570 1:48 2°8 8:3 15:8 
‘Croydon (Beddington) - - 9,520- 0°87 2°0 6°8 11:9 
Leicester = - - - - - 5,370 0°64 133 44 12:0 
South Norwood - - - . 4,000 0:28 0°6 271 31 











This table of figures and the corresponding diagram take no account of 
storm water, much more of which is treated at Beddington and South 
Norwood than at the other farms. Further, the inequalities due 
to drawing the hourly samples in equal volumes per hour, instead of in 
volumes proportionate to the rate of flow, would be greater in some cases 
than in others. 

Alongside of the above diagram it is of interest to place diagram 6, 
which shows the relative volumes of sewage, irrespective of their strength, 
treated per acre of the total irrigable area; and, in order to give an approximate 
idea of the actual strength of the sewages, the results of the analyses of the 
hourly sets of samples are grouped together in diagrams 7 and 8 (of. also 
sewage diagrams in Part II., Chemical Report). 

Taking into account ris the “chance” and hourly samples, the follow- 
ing general bacteriological statement applies to the average biological com- 
position of the sewage from the above eight farms :— 

Total number of bacteria (gelatine at 20° C.):—More than ten million 
bacteria per c.c. 

Total number of bacteria (agar at 37° C.):—More than one million but 
less than ten million per c.c. 


Diagram &. 
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B. Coli (and closely allied forms) :—About 100,000 per c.c. 

Spores of B. Enteritidis Sporogenes (Klein’s ‘“ Enteritidis change” in 
anaerobic milk cultures):—Usually a positive result with 45 to tooo ©¢. 

Indol test :—Usually a positive result with top p55 ©.¢. 

“Gas” test (“gas” in gelatine “shake” cultures within 24 hours at. 
20° C.):—Usually a positive result with 35 to qolgp ©. 

Neutral red broth test:—Usually a positive result with toqo00 ©.-¢. 





12. Method of Treatment. 





Aldershot Camp- —_- '| Screening and settling tanks. 


: Land filtration. (The term “ filtra- 
‘ciaiuaa , Svea tion” is used broadly in the same 


sense as the older term “ inter- 


; » . : % : cites: 

Cambridge . | Screening and settling tank. mittent downward filtration.”) 

Nottingham - - | Screening (partial). 

Beddington - - | Screening. 

Leicester - . - | Sereening and settling tanks.* Suriace irrigation witht some filtra- 
tion. (The term “ surface irriga- 


tion” is used in much the same 





Screening, occasional chemical 
th i precipitation and settling tanks. ianetina the Se he 
irrigation. ’’) 
South Norwood - - | Screening and settling tanks. 





* All the sewage is pumped to the farm. 
+ A part only of the sewage is pumped. 


In the case of Aldershot Camp, Altrincham, Cambridge and Nottingham, 
land filtration was employed. Beddington, Leicester, Rugby and South 
Norwood sewage farms are examples of surface irrigation with some filtra- 
tion, the above order representing probably fairly well (from the greater to 
the less) the relative amount of true filtration. It is impossible, however, 
to come to any absolute conclusions with regard to the relative amount of 
filtration which takes place. Many surface irrigation farms are under- 
drained to some extent, in order to facilitate the “drying off” of those 
portions of the ground where the sewage would be likely to stagnate, 
and in such cases filtration necessarily occurs. Moreover, there are but 
few farms with soil of so impervious a character as not to allow of 
some filtration both in a downward and a lateral direction. The “ creeping” 
of the sewage over the surface of the soil which takes place in the 
(so-called) surface irrigation method of sewage purification must in- 
evitably result in some degree of surface filtration. Particularly is this 
likely to occur where the land has been recently ploughed, and also where the 
soil has been lightened by the addition of cinders, etc. A surface irrigation 
farm is thus to some extent a surface filtration farm. 

It will be noted that the terms “filtration” and “ surface irrigation ” 
are used in place of the older terms “intermittent downward filtration ” and 
“broad irrigation.” The reasons for so doing may be briefly given as 
follows :—In the first place “intermittency” is essential whether “ surface 
irrigation ” or “filtration ” is employed, so that if the term ‘“ intermittent ” is 
to be retained, it should be used alike for the two different methods of treat- 
ment. But we think it better to employ it in neither case. Further, the 
term “downward” would seem to be superfluous in connection with land 
treatment, and, if stress is laid on this term, an impression is apt to be 
created that a similar action never takes place where surface irrigation is 
employed. Moreover the term “surface ” irrigation seems to define what 
takes place better than the expression “‘ broad” irrigation. 

As regards the screening arrangements, it will be seen that the sewage 
is not screened at Altrincham; at Nottingham the screening is only 
partial ; and at Beddington screening with practically no settlement in tanks 
is in operation. The rest of the farms screen and settle their sewage, and 
Rugby occasionally employs chemical precipitation as well. 

When pumping is required it is important to have screens to protect 
the puinps, apart altogether from the general advantages of screening as a 
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preliminary to further treatment. As previously explained, “ fresh” sewage 
can be so screened as readily to separate much of the paper and feeces, the 
screenings being in a condition to be easily manipulated and having a definite 
manurial value. But when the sewage is in a disintegrated condition, even 
graded screens may prove of little use. It is important that arrangements 
should be made for the rapid disposal of all screenings, as otherwise they 
constitute an unsightly nuisance, and one very appreciable to the senses. 

As regards the question of settling tanks and sludge disposal, much 
depends on the quality of the soil of the farm. For example, a poor sandy 
soil is capable of dealing with sludge in considerable amount without 
deterioration, in fact, with probable improvement. In such cases, ade- 
quate settling tank accommodation is far less necessary than where heavy 
soils are concerned. Of course, the better the settlement, the greater the 
amount of sludge, but to deal separately with the sludge is to choose the 
lesser evil when land is not of the proper kind to absorb sludge readily. 
When the land is of such a nature as to make it important to eliminate as 
far as possible the heavier suspended matter in the sewage, the customary 
rule of having a total tank capacity equivalent to about 50 per cent. of 
the dry weather flow—of which not more than about two-thirds should be 
out of operation at one time—should certainly not be departed from. 

It is a factor of importance that some of the above sewage farms have, 
throughout the long period of their working existence, disposed of the sludge on 
ther own land. 


13. General Character of Soil and Subsoil on the Eight Principal Farms 
under observation. 








1. Nottingham - - | Sandy loam and gravel overlying gravel and sand, 
2. Cambridge - - - | Sandy loam overlying gravel and sand. 
Land = Filtra- 
tion. 3. Aldershot Camp - - | Coarse sand overlying very fine sand. 
4, Altrincham - - | Peaty soil overlying sand and gravel. 


5. Beddington (Croydon) | Gravelly loam overlying gravel and sand. 


Surface irriga-| 6. Rugby : . - | * Heavy loam overlying stiff clay, in which, 
tion with | however, pockets of gravel are present. 
some filtra- | 7. Leicester - - - | Stiff clayey soil overlying dense clay. 
tion. 
| 8. South Norwood - - | A clay soil resting on London Clay. 











* Note.—The Rugby soil was looked upon as a heavy loam when the farm was first inspected, 
and this classification is retained. According to the mechanical analysis, however, it is more of a 
clay than either Leicester or South Norwood. 


If we exclude for the moment a chalky soil overlying Chalk, the above soils 
may be taken as representing fairly well, within broad limits, the kinds of soil 
which are used, or which are likely to be used, for the purification of sewage. 
They may be condensed roughly into the four groups :— 

Sand overlying finer sand. 

Peaty soil and sand overlying gravel and sand. 

Light loam overlying gravel and sand. 

Heavy loam or | 
Clayey soil | 

But, as everyone knows, the difference between some of the soils is one of 
degree rather than of kind, a light loam gradually merging into a sandy soil 
on the one hand and into a heavy loam on the other, and a heavy loam in its 
turn merging into a clay. 

In the section of the Chemical Report which treats of Soils, this subject. 
is discussed at some length. By referring to this section it will be seen that 
the main factors are : 

1. The number of particles in unit weight of soil. 

2. The size of the air spaces between those particles. 

3. The proportion of humus or modified organic matter which the soil 

contains. | 


apt a ae 


- overlying clay. 
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When the air spaces are individually very small, as in the case of clay 
‘soils, the friction between the water and the soil particles is so great that 
filtration becomes impossible, or practically so. 

The importance of making a careful mechanical analysis of the soil and 
subsoil through which it is proposed to filter sewage (at all events when these 
are of a porous character) is thus at once evident. Ifa sufficient number 
of such analyses were available for reference, they would afford valuable data 
as to the volume of sewage of given strength which any particular soil might 
reasonably be expected to purify. One point, however, requires to be 
specially emphasized here, viz., the necessity for very careful sampling of soil 
and sub-soil. Though one may speak, for instance, of land as consisting of 
soil and subsoil of a given type, our experience is that these are often apt 


to show considerable variations within narrow limits of area. ‘And this, of  — 


course, adds to the difficulty of managing a sewage farm well, for the dose’ 
of sewage should be regulated according to the purifying capacity of the 
particular plot under irrigation at the time. 

As might be anticipated, the porous soils with pervious subsoils (with 
the exception of the greater part of the Beddington Farm) are under-drained 
and used as filtration areas, while the heavy soils on clay subsoils are 
employed, with or without drainage, mainly for surface irrigation. But it is 
impossible to draw a hard-and-fast line even here, because some filtration 
must undoubtedly go on in heavy soils and subsoils which are under- 
drained. (Cf. Parts II. and IV.; the Chemical and Engineering Reports 
on the Leicester Farm. ) 

To glance for a moment at the individual farms, taking the porous soils 
first : 

At Nottingham the soil is largely composed of the finer classes. of 
particles, but of the finest or “clay” class there is not a great deal. While, 
therefore, there is a large surface exposed by the particles of this soil, the 
-air spaces are not too small to prevent comparatively easy filtration. Again, 
when aeration would otherwise become more difficult, the fine soil gives 
place to a coarse gravel. 

The Cambridge soil and subsoil are very similar in mechanical composition 
to those of Nottingham, though containing rather fewer particles in a given 
volume. We should therefore expect these two soils and subsoils to effect 
much the same purifying action upon sewage, if they were used in the same 
way. But comparison is rendered difficult by the fact of the Nottingham farm 
being cropped, and the Cambridge farm for the most part uncropped ; and also 
by Nottingham treating a medium volume of a strong sewage and Cambridge 
.a large volume of a weak one. The very high percentage of lime in the 
Cambridge soil and subsoil, due to the lime treatment which the sewage 
received there for some years, is an interesting point. But that there is 
sufficient lime in the Nottingham soil and subsoil for assisting nitrification is 
evident from the admirable results which are achieved there. 

The Beddington soil and subsoil, while generally of a similar nature to 
those of Nottingham and Cambridge, are distinctly coarser, 7.e., contain fewer 
particles per gramme. The excellent chemical results obtained during the 
special experiment (see Part IL, Chemical Report) at Beddington show 
what a high class of effluent this soil and subsoil can produce when they are 
used for filtration. And the relatively large volumes of sewage, and relatively 
large aggregate amount of organic matter treated at Beddington by surface 
irrigation, when compared with the volumes, etc., at Leicester and South 
Norwood, further show that the surface irrigation at Beddington must be 
largely supplemented by filtration through the surface soil. 

At Aldershot Camp the soil conditions are quite different from those at 
Nottingham, Cambridge and Beddington. A reference to the Chemical Report 
will showthat the Aldershot Camp soil contains a much larger proportion of the 
coarser particles (including “ sand”) than the Nottingham soul, and much less 
of the “clay” particles ; and that the total number of particles per gramme is 
relatively small in the Aldershot Camp soil. In the subsoils, en the other hand, 
the conditions are reversed, coarse particles largely pr edominating at Notting- 
ham and fine particles at Aldershot. Thus, at Nottingham we have a fair ly fine 
soul overlying a coarse gravelly subsoil, while at Aldershot a coarse “ sandy ” 
soil is superimposed on a subsoil of somewhat similar nature, but in which the 
finer constituents largely predominate. Apart from questions of relative 
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depths down to the drains, it is thus probable that the conditions for efficient 
aeration are less favourable at Aldershot Camp. 

It is worth noting here, however, that a sandy soil can deal with a large 
amount of sludge, the decomposition and fertile properties of the latter being 
largely promoted by the addition of lime. And, of course, with increase of 
humus, the better does the sand become for sewage purification. How slowly 
this increase in modified organic matter goes on is shewn by the small per- 
centage loss on ignition (8°6 per cent.) in the Aldershot Camp soil, which, 
originally sand pure and simple, has been in use as a sewage farm for thirty 
to forty years. 

Only the surface soil of the Altrincham farm was analysed, and not the 
subsoil, and therefore few conclusions can be drawn here. The organic 
matter present (mostly decomposed peat) was very large in amount, and the 
total number of particles per gramme—umainly consisting of the finer particles— 
was very high also for a porous soil. On the other hand, the relative rate . 
of filtration through this surface soil is rapid, owing no doubt to its low 
specific gravity (real and apparent), and, as a consequence of this, to the 
comparatively large size of the individual air spaces. The action of the 
Altrincham soil and subsoil, however, requires further investigation. 

The difference between a clay soil and a light soil is of course due to 
the fact that the former contains a much larger proportion of the finer and, 
especially, of the “clay” particles per gramme. A glance at the figures of the 
mechanical analysis of the Rugby and Leicester soils, as compared with those of 
Nottingham, shows the difference in number of particles to be practically con- 
fined to this one class. As already mentioned, the effect of this large number of 
particles is greatly to lessen the sizes of the individual air spaces (though the 
aggregate air space in a clay is greater than in porous soil), and therefore to 
increase the difficulty of percolation and of aeration. The South Norwood soil 
gave unexpected results on analysis, being of a less clayey nature than was 
anticipated ; this was presumably due to its having been lightened with 
ashes. It would be advisable, however, to examine another sample of this 
soil before drawing conclusions from it. 

The Altrincham soil has already been instanced as consisting partially 
of decomposed peat. A few visits were paid to Worsley (Lancashire), where a. 
portion of the sewage farm land consists of peat pureand simple. But apart. 
from the inability of peat—partly because of its extremely spongy nature—to 
purify properly any reasonable volume of sewage, there are obvious practical 
reasons for not laying down permanent works on an unstable foundation. 7 

In the Chemical and Bacteriological Conclusions of this Report a brief 
reference is made to the farm at Luton, where the sewage is treated on chalky 
soil overlying Chalk. At such a farm there are no effluents, owing to the 
fact of the Chalk being fissured in all directions. No analysis was made of the 
Luton surface soil, and hence no conclusions can be drawn with regard to it. 

The different texture of the various soils and subsoils is well seen from 
the following short table, which gives approximately the relative numbers of 
particles in unit weights of the ignited soil and subsoil respectively. 











Name of Farm. Soil. Subsoil. 

Nottingham - : - - - 100 100 
Cambridge - - - auiret a3 hy 61 
Beddington - - - - - 46 55 
Aldershot Camp - : - - - - 19 394 
Altrincham - - - - - - 2 157 
Rugby - - - = 2 “ A 392 — 
Leicester . : = 2 . ‘ ‘ 269 os 
South Norwood ; = - - - - - Lei ak 











Note.—The above table takes perforce no account of the particles of organic matter in the 
soil, and is therefore only of approximate value. The organic matter was especially abundant in: 
the Altrincham surface soil&(¢f. Part IT., Chemical Report: Section upon Soils). 
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14. Separate or Combined Sewerage System. 


_ f Entirely separate 


Aldershot Camp - Sewerage System 


All the water capable of being separated is 
carried off by separate sets of pipes and not 
treated in any way. 


Cambridge- - 


Beddington (Croydon) 

Water from the street pavements and front 
roofs of houses is carried off by a separate set 
of pipes, and not treated in any way. 


Partially separate ( 


Leicester - e . Sewerage System | 


‘South Norwood - . 


overflows). 


Rugby : - - 

. One set of pipes (sewers) takes all the roof, 
econ “Sh a | Combined Sewerage} street and backyard water, as well as the 
Nottingham - - | System sewage proper to be treated (subject to storm 


Whether it is better to have a separate or a combined sewerage system 
is a controversial matter, and we content ourselves by briefly referring to 
some of the advantages and disadvantages of each system. As we have been 
careful to point out elsewhere, “street washings” (liquid from the separate 
system) may be so impure as to render its discharge into rivers undesirable. 
Since the separate system is seldom carried out in its entirety, we confine our 
remarks to the partially separate sewerage system. For the sake of sim- 
plicity our comments may be confined to a brief consideration of the 
advantages and disadvantages of the separate system. 


SEPARATE SYSTEM. 


Advantages. 


Fluctuations in the sewage flow at 
‘the outfall works are reduced during 
storms. 

The road detritus is kept out of the 
‘sewers. 

A smaller area of land is required 
for irrigation purposes at a time when 
the soil of the sewage farm is already 
apt to be saturated with rain water. 


The routine working of the sewage 
farm is not embarrassed by frequent 
fluctuations in the volume of sewage, 
amounting it may be to three or four 
‘times the normal. 

If the sewage is pumped, the extra 
-cost of dealing with such increases of 
flow due to storm water, as are dealt 
with at the disposal works, is con- 
siderably lessened. A saving of cost 
‘would also seem to occur in precipita- 
tion schemes. 


In districts where the rainfall is 
heavy, the rain water is carried 
rapidly away, and flooding of the low- 
lying levels of the town is less likely 
to occur. Sewers even of large 
capacity may be quite incapable of 
dealing satisfactorily with these 
sudden fluctuations of flow. 


MNsadvantages. 


The occasional natural flushing out 
of the sewers is lessened. Neverthe- 
less it is chiefly during dry weather 
that the sewers require flushing. 


The dilution of the sewage with 
rain water is lost to some extent, but 
against this must be put the increase 
of total volume of liquid to be dealt 
with at places where the combined 
sewerage system is in use, and the 
fact that “street washings” per se 
may be of objectionable quality. 

Instances are not unknown when, 
through carelessness, the foul water 
house drains have been connected up 
to the pipes of the separate system. 


The initial cost and maintenance 
are greater with the separate system, 
but whether this disadvantage is not 
more than counterbalanced by, among 
other things, the larger volume of 
liquid to be “treated” at the disposal 
works, is a difficult point to determine. 
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If it were practicable to carry off all the storm water rapidly and in 
addition to treat efficiently the whole of the combined volume of storm water and 
sewage at the disposal works, then it is obvious that the combined system 
would be preferable. But as this would seem to be impracticable, the question 
largely resolves itself into whether it is better to have (a) a combined system 
with the storm overflows working at low dilutions, or (b) a separate system. 
with storm overflows coming into operation only very exceptionally—z.e., at 
higher dilutions. We have not sufficient data to formulate a decided 
opinion, the more so since adequate records are not available of the average 
quality of the liquids under (a) and (b) sets of conditions, the results being 
interpreted in the light of the analyses of “ street washings” liquid per se. 





15. Rivers or Brooks into which the final effluent is discharged. 








. Approximate ratio between the dry 
_ ihe Baca eu. weather flow of effluent and the 
velume of river water. 

1. Nottingham - | River Trent - . - | About 1:160 (at time of sampling). 
2. Rugby - - -| River Avon - - -| About 1:30 (at second time of 

sampling) 
3. Cambridge - - -| RiverCam_ - - - | About 1:15 (normally). | 
4. Beddington (Croydon) | River Wandle - -| About 1:12 (at first time of sampling). 
5. Aldershot Camp - - | River Blackwater - - | About 1:6 (normally). 
6. Altrincham - - - | Sinderland Brook - - | About 1:3 (normally). 
7. Leicester - - -| Anstey Brook (adjoining ; 

River Soar) - - | About 1:1 (at time of sampling). 

8. South Norwood - - | Chaffinch Beck - - | About 3:1 (at second time of 

sampling). 














In the above table the farms are arranged in the order in which the 
effluent is most highly diluted with river water. Nottingham and Rugby 
effluents are diluted over one hundred times and about thirty times. 
respectively with river water; Beddington and Cambridge over ten times ;. 
Aldershot Camp and Altrincham, six and three times respectively ; Leicester 
equal volumes ; while the South Norwood effluents increase the volume of 
Chaffinch Beck three times. The above approximate figures were arrived at 
by comparing the dry weather flow of the sewage with the normal flow of the 
river, or with the flow of the river at the time of sampling (see Part IV... 
Engineering Report). 


It must be remembered that the volume of a river varies to a greater’ 
extent than the volume of an effluent. Hence a volume of effluent, which 
when discharged into a river may be a nuisance during dry and sultry 
weather, may be free from objection during wet and cold weather. 


The chemical and biological qualities of the rivers above and below the 
effluent outfalls will be considered elsewhere. Here we propose only to: 
consider very briefly the effect of the discharge of the effluents into the: 
different rivers as judged by the senses. 


The River Trent above the effluent outfalls was not perhaps in as 
satisfactory a condition as might have been wished, and certainly the Not-- 
tingham effluents did not seem in any way to increase the impurity of the: 
water. Chemically, they exerted a purifying action. It has been 
noted elsewhere thatythe “ untreated” sewages from several villages (notably 
Radcliffe) on the banks of the Trent discharge into the river above the. 
Nottingham sewage farm. 
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The River Avon above the Rugby High Level sewage farm appeared 
to be in a fairly good condition, and there was no perceptible difference in 
the river below the points of discharge into it of the effluents. It should 
be stated that the effluent from the Rugby Low Level sewage farm joins. 
the river some two miles above the High Level farm effluent outfall. 


The River Cam at the time of the visits to the Cambridge sewage farm 
shewed no very evident signs of pollution either above or below the effluent 
outfalls. On one occasion, however, it was observed that some gas lime had 
been accidentally allowed to enter the river (see Part IV., Engineering and 
Practical Report). 


The River Wandle, which appeared to be in a fairly satisfactory condition, 
received the effluent from the Beddington (Croydon) sewage farm and 
showed no obvious signs of deterioration in consequence. 


The River Blackwater above the Aldershot Camp effluent outfalls was: 
not in a satisfactory state, but the discharge of the effluents into it did not 
appear materially to alter its quality (Cf page 58). 


The Sinderland Brook shewed obvious signs of pollution above the 
Altrincham sewage farm effluent outfalls, and below the effluent outfalls was 
in a seemingly worse condition. But it is to be noted that the brook above 
the sewage farm outfalls is polluted to a considerable extent by tannery 
refuse and storm overflow liquid. 


The Anstey Brook and Chaffinch Beck above the effluent outfalls at 
Leicester and South Norwood respectively appeared to be in a fairly satis- 
factory condition. Lower down, notwithstanding the entrance of the 
relatively large volume of Leicester and South Norwood effluents into the 
above brooks, the water shewed no visible signs of objectionable fouling. 


It needs to be remembered that it is always difficult to assign the un- 
satisfactory condition of a river to any one cause. Not uncommonly there 
are a number of factors at work, of which the access of the effluent need not 
necessarily be the most objectionable. 


16. Number of Years Farm had been in operation before 1900. 


Beddington (Croydon) - - 39 years 
South Norwood - . - - 36 ,, | Sludge disposed of on the farm. 
Aldershot Camp - . . oi OGhns, 
Rugby : - - - 33 ,,  - Sludge partially disposed of on the farm. 
Altrincham - - - - 50463 | : 

Sludge disposed of on the farm. 
Nottingham a ie freed Ob. 55 | 
Leicester - - : - - 9 ,,  - Sludge partially disposed of on the farm. 
Cambridge (systematic working) - 5 ,, ~- Sludge disposed of on the farm. 


Excluding Leicester and Cambridge, it will be observed that the remaining 
six farms have been in operation for from 19} to 39 years (average about 32 
years). It is important to note this fact in comparing land with artificial 
processes of sewage treatment. Moreover, some of these farms have through- 
out the whole period of their working disposed on their own land of all 
the sludge produced as a result of the sewage treatment. Indeed, making 
allowance for the difference in superficial area, the initial cost of construction, 
the depreciation and the working costs taken in conjunction are seemingly 
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less in the case of land than with artificial processes of sewage treatment ; 
and, further, laud, worked as a sewage farm, is always a tangible and 
usually an easily realisable asset. 

Artificial processes have not been in operation for a sufficiently long 
period to warrant a critical computation being made as to their working 
cost. Existing calculations are necessarily of a somewhat speculative nature. 
While it is abundantly proved that land of suitable sort, given good manage- 
ment, will continue to purify sewage to a reasonable extent for long periods, 
with possible increase of efficiency and probable gain in market value as time 
goes on, the life history of bacteria-beds is still in some degree a matter for 
conjecture. Despite the advantages in particular, if not in general, cases of 
artificial (bacteria-bed) processes, we think that in the above respects the 
use of land for purifying sewage stands on a sound basis. We are well 
aware that in certain cases the treatment of sewage on land is either 
practically impossible or leads to such unsatisfactory results as to be unde- 
sirable, but this fact in no way invalidates the truth of the foregoing general 
statements. 


SUMMARY OF THE FOREGOING PARTICULARS. 


The different sewage farms will be considered in the order of the 
volume of sewage treated per acre per 24 hours on the year’s working of 
the whole of the irrigable area. 


Cambridge Sewage Farm. 


A reference to the foregoing diagrams will make it clear that in many 
respects Cambridge Sewage Farm stands in a class by itself. It treats the 
sewage of 675 persons per acre; no less than 121,600 gallons of sewage 
per acre per 24 hours being actually treated at one time, and 30,400 gallons 
per acre per 24 hours on the year’s working (total irrigable area).* The 
sewage (mainly domestic) is, however, rather a weak one, and the farm does 
not deal with very much storm water. The soil (sandy loam, overlying gravel 
and sand) is well suited for sewage purification processes. The method of 
treatment is by filtration. About one-quarter of the total irrigable area 
is being actually sewaged at one time. 


Altrincham Sewage Farm. 


Altrincham Sewage Farm treats the sewage of 514 persons per acre; 
46,000 gallons of sewage per acre per 24 hours at one time; and 23,000 
gallons per acre per 24 hours on the year’s working (total irrigable area). 
The sewage (domestic) is weak, and the farm deals with very little storm 
water. The outstanding feature here is the large volume of sewage being 
treated per acre on peaty soil, lying upon sand mixed with a little 
eravel. The method of treatment is by filtration. About one-half of the 
total irrigable area is being actually sewaged at one time. 


Nottingham Sewage Farm. 


Nottingham Sewage Farm treats the sewage of 397 persons per acre; 


23,300 gallons of sewage per acre per 24 hours at one time and 10,750 
gallons per acre per 24 hours on the year’s working (total irrigable area). 
The sewage (four-sevenths domestic, three-sevenths trade refuse) is strong, 
but the farm deals with very little storm water. The soil (light sandy loam 
and gravel overlying gravel and sand) is admirably adapted for sewage 


vane vr 


* The figures (a) 121,600, and (b) 30,400, are arrived at by dividing the dry weather flow of sewage 
by (a) the average area irrigated at one time (“working” area), and (b) by the total irrigable 
area (“working and ‘ resting” areas together). 
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purification purposes. The method of treatment is by filtration. About one- 
half of the total irrigabie area is being actually sewaged at one time. 


Beddington (Croydon) Sewage Farm. 

Beddington (Croydon) Sewage Farm treats the sewage of 238 persons 
per acre ; 57,100 gallons of sewage per acre per 24 hours at one time; and 
9,500 gallons per acre per 24 hours on the year’s working (total irrigable 
area). The sewage (mainly domestic) is of medium strength chemically. 
The soil (gravelly loam, over gravel and sand) is well suited for purifying 
sewage, but the method of treatment is by combined surface irrigation and 
filtration. About one-sixth of the total irrigable area is being actually 
sewaged at one time. The chief points of interest are the large volume of 
sewage being treated per acre per 24 hours and also (but toa less extent) per 
acre per annum on a sewage farm worked mainly as a surface irrigation 
farm ; further, the relatively small area on the average under sewage at one 
time ; lastly, the fact that all the storm water reaching the sewers is dealt. 
with on the farm, there being no storm overflows. 


Rugby Sewage Farm. 


Rugby Sewage Farm treats the sewage of 171 persons per acre ; 42,800 
gallons of sewage per acre per 24 hours at one time; and 8,500 gallons per 
acre per 24 hours on the year’s working (total irrigable area). The sewage 
(mainly domestic) is strong. The soil is heavy loam overlying stiff clay. 
The method of treatment is surface irrigation combined with some filtration. 
About one-fifth of the total irrigable area is actually sewaged at one time. 
The points of note are the somewhat iarge volume of strong sewage treated 
per acre per 24 hours and per acre per annum by surface irrigation (for 
the most part) on a heavy loam overlying stiff clay. Moreover, a large pro- 
portion of the storm water is treated on the farm. 


Aldershot Camp Sewage Farm. 


Aldershot Camp Farm treats the sewage of 166 persons per acre; 
25,000 gallons of sewage per acre per 24 hours at one time; and 8,300 
gallons per acre per 24 hours on the year’s working (total irrigable area). The 
sewage (purely domestic) is very strong, but very little storm water gains 
access to the sewers. The soiland subsoilare sand. The method of treatment 
is filtration. About one-third of the total irrigable area is on the average 
under sewage at one time. On the year’s working Aldershot Camp farm 
was treating a considerably smaller volume of sewage per acre than the other 
three filtration farms (Cambridge, Altrincham and Nottingham). 


Leicester Sewage Farm. 

Leicester Sewage Farm treats the sewage of 146 persons per acre; 
21,500 gallons per acre per 24 hours at one time, and 5,370 gallons per acre 
per 24 hours on the year’s working (total irrigable area). The sewage 
(three-fourths domestic, one quarter trade refuse) is of medium strength, 
and the farm does not deal with very much storm water. The soil is stiff 
clayey soil overlying dense clay. The method of treatment is surface 
irrigation with some filtration. About one-quarter of the total irrigable 
area is being actually sewaged at one time. 


South Norwood Sewage Farm. 


South Norwood Farm treats the sewage of 138 persons per acre; 12,000: 
gallons per acre per 24 hours at one time; and 4,000 gallons per acre per 
24 hours on the year’s working (total irrigable area). The sewage (purely 
domestic) is rather weak chemically. The soil is a somewhat lightened 
clay soil resting on London Clay. The method of treatment is chiefly surface 
irrigation. About one-third of the total irrigable area is actually sewaged 
at one time. South Norwood stands last among the above eight sewage 
farms as regards the volume of sewage treated per acre ; but it is important. 
to note that all the storm water reaching the sewers is dealt with on the 
farm, there being no storm overflows. 


Before passing on to a description of the practical, meteorological, ard 
other observations carried out at each of the sewage farms, a short summary 
may be given of the work done by the Rivers Pollution Commission of 1868. 
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SECTION IIL 


‘SSHort SUMMARY OF THE WORK DONE BY THE RIVERS POLLUTION COMMISSION 
or 1868 oN THE LAND TREATMENT OF SEWAGE; together with a brief 
reference to the results obtained by the 1857-65 Commission, etc. 


An admirably clear and concise historical summary with regard (1) to 
the disposal of water-borne sewage in this country during the last century, 
and (2) to the main objects of this disposal at different periods of the century, 
was given by Mr. Adrian in his evidence before the present Commission 
{vol. IL, pp. 1-14). In this evidence he enumerates the various sanitary 
Commissions which have sat from time to time, and describes shortly the 
results arrived at by these Commissions, together with the bearing of 
those results and the recommendations arising from them upon the present 
state of the law with regard to sewage. 

The first Sewage Commission proper was appointed in 1857, its third 
and last report being issued in 1865. We understand that the present rules 
of the Local Government Board with respect to sewage disposal are based 
generally upon the Report of this Commission. 

We cannot do better here than quote from a few of the replies given by 
Mr. Adrian in evidence, referring the reader to this evidence as a whole. 
He subdivides the last century from 1842 onwards into three periods, viz 
(1) 1842-1857, when the primary aim was to secure the prompt removal of 
sewage from the neighbourhood of dwellings; (2) 1858-1870, which was 
characterised by the abandonment of the notion of possible injury to health 
as a consequence of irrigation of land by sewage, and by the growth of the 
belief in the ideal system of sewage disposal as being that which should aim 
at its profitable utilization by direct application to land, and should thus 
facilitate the protection of rivers from contamination ; (3) the period from 
1870 up to the present time, with the dominant idea that the prevention of 
the pollution of streams is an indispensable requisite of every system of 
sewage disposal which can lay claim to efficiency. 

One of the conclusions in the preliminary Report of the 1857 Commission 
was that the application of the whole sewage to land was not, when 
conducted with moderate care, productive of nuisance or injury to health. 
In their final Report, published in 1865, the Commissioners say : ‘‘ The right 

“way to dispose of town sewage is to apply it continuously to land, and it 
‘is only by such application that the pollution of rivers can be avoided.” 


In any reference to sewage purification by land, the classical work of 
the Rivers Pollution Commission of 1868 demands special attention. After 
detailing the results of various laboratory experiments on the filtration of 
sewage through large glass tubes filled with different kinds of soil, the 
conclusion is drawn (Vol. L., First Report, p. 69) that — 


“The cleansing power of a soil seems to be more closely connected 
“with physical condition, as regards porosity and fineness of division, 
“than with its chemical composition.” 


NaI) Ses . . Our experiments also appear to show 
“that if the soil be not overdosed with sewage, it will retain its 
“‘ efficiency for a long, if not for an unhipnited period ef time, and its 
“pores will not become clogged up.” 


This view, brought forward fully thirty years ago, has since been amply 
‘substantiated. : ; 


-* Adrian, Q. 6. 
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At the time when the Rivers Pollution Commission issued their 
Reports, little was known about bacteria and their action. But the 
following sentences are of peculiar interest, giving as they do, in a few 
words, the opinions held at the time by the Commissioners with regard to 
the theory of sewage purification. 


_ Vol. 1, First Report, p. 70 — 

“From all these experiments, then, it appears that the action of the 
‘filter must not be considered as merely mechanical. The process 
“carried on in it is also chemical. Filtration, properly conducted, 
“results in the oxidation and transformation of offensive organic 
‘substances in solution, as well as in the mere mechanical separation 
‘“‘of the suspended solid matters which, when in motion, sewage 
“conveys with it.” 


Again, in the section dealing with intermittent filtration (Vol. 1, First 
Report, p. 64) :— 
‘These experiments also show that the process of purification is 
‘‘essentially one of oxidation, the organic matter being, to a large 
‘extent, converted into carbonic acid, water and nitric acid.” 


Sewage purification was thus regarded by them not merely as a 
mechanical process, but as a process of direct oxidation of organic matter. 


The Rivers Pollution Commission examined the process of land 
purification of sewage by surface irrigation (combined in a few instances 
with filtration through the soil) at about a dozen different sewage farms. 
The observations at the Croydon (Beddington) and South Norwood farms 
extended over a year, and embraced fully 30 chemical analyses from either 
place, but only a few analyses in each case were mace of effluents from the 
various other farms. Speaking generally, the results obtained were fair to 
good, the purification, of course, varying with the different types of soil. 
After contrasting the degree of purification at different seasons of the year, 
the Commissioners conclude :— 


Vol. 1, First Report, p. 89 -— 
“Tt follows therefore that the cleansing of sewage is, in the absence 
“of actual frost, less dependent upon season than upon the quality 
“(2.e., strength) of the sewage itself.” 


It is interesting, further, to note with regard to the Beddington Farm 
that : 
Vol. 1, First Report, p. 88 :— 
‘‘ Only on one occasion (out of 27 analyses extending over a 
‘‘ vear) was the effluent water discharged in a somewhat unsatisfac- 
“tory condition. On all other occasions the organic carbon and 
‘nitrogen were present in proportions considerably below those 
‘necessary to render the effluent water an offensive addition to 
‘a stream at any season of the year.” 


Two further quotations may be given here, the first one being a 
comparison of downward intermittent filtration with irrigation. 


Vol. 1., first Report, p. 96 :— 

“In round numbers it may be said that, on the average, the 
“processes of downward intermittent filtration and irrigation 
“remove from the soluble constituents of sewage (as measured by 
“organic carbon and nitrogen) twice as much polluting matter as that. 
‘got rid of by the processes of chemical treatment and of upward. 
“filtration. Looking only to purity of effluent water it would be 
“difficult to decide between downward intermittent filtration on the 
“one hand and irrigation on the other, but there are obvious reasons. 
‘‘why the latter must, in all but very rare and exceptional instances, 
‘be preferred on economical grounds. Intermittent filtration ¢« a 
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“costly process with no possibility of any return, whilst irrigation, 
“although it may in the first instance require a large outlay of 
“ capital, affords a hopeful prospect of a return for the capital invested.” 


Vol. 1. Second Report, p. 20 :-— 


“Trrigation is the only process of cleansing sewage which has stood 
‘the test of experience, and unless it is extensively adopted, there is 
“but little hope of any substantial improvement in our sewage-polluted 
“rivers.” 


These conclusions are of the highest interest, giving as they do the best 
views of thirty years ago upon the subject. 


Standards of Puritu recommended by the Rivers Pollution Commission. 


These apply to effluents generally, and not merely to land effluents. 
Vol. 1, Fifth Report, p. 49 :— 


“We now recommend, therefore, that, with the exceptions already 
“mentioned in reference to standards (d) and (e),* the following 
“liquids be deemed polluting and inadmissible into any stream :— 


(a) “ Any liquid which has not been subjected to perfect rest in 
“‘subsidenze ponds of sufficient size for a period of at least six hours, 
“or which, having been so subjected to subsidence, contains in 
““ suspension more than one part by weight of dry organic matter in 
“100,000 parts by weight of the liquid, o7 which, not having been so 
“subjected to subsidence, contains i suspension more than three parts 
“by weight of dry mineral matter, or one part by weight of dry 
“organic matter in 100,000 parts by weight of the liquid. 


(b) “ Any liquid containing, 7 solution, more than two parts by 
“weight of organic carbon or °3 part by weight of organic nitrogen in 
“100,000 parts by weight. 


(c) ‘Any liquid which shall exhibit by daylight a distinct colour 
“when a stratum of it one inch deep is placed in a white porcelain or 
““earthenware vessel. 


(d) “ Any liquid which contains, 7m solution, in 100,000 parts by 
“weight, more than two parts by weight of any metal except calcium, 
“‘magnesium, potassium, and sodium. 


(e) “ Any liquid which, in 100,000 parts by weight, contains, whether 
“<n solution or suspension, in chemical combination or otherwise, more 
“than ‘05 part by weight of metallic arsenic. 


(f) ‘ Any liquid which, after acidification with sulphuric acid, con- 
“tains, in 100,000 parts by weight, more than one part by weight of 
“free chlorine.” 


(g) “ Any liquid which contains, in 100,000 parts by weight, more 
“than one part by weight of sulphur, in the condition either of 
“‘sulphuretted hydrogen or of a soluble sulphuret. 


(h) “ Any liquid possessing an acidity greater than that which is 
“produced by adding two parts by weight of real muriatic acid to 
**1,000 parts by weight of distilled water. 


(i) “ Any liquid possessing an alkalinity greater than that produced 
“by adding one part by weight of dry caustic soda to 1,000 parts by 
“weight of distilled water. 


(k) ‘* Any liquid exhibiting a film of petroleum or hydrocarbon oil 
“upon its surface, or containing in suspension, in 100,000 parts, more 
“than ‘05 part of such oil.” 


*Vol. 1, Fifth Report, p, 45.—“ The occurrence of arsenic in colliery water in so large a propor- 
“tion (0°05 part metallic arsenic in 100,000 parts water) ‘ appears to be quite exceptional, and, as 
“there are no known practicable means of removing this ingredient from water, especially if the 
“latter be, like that discharged from the Dowlais coal-washing floor, non-ferruginous, we 
“‘recommend that colliery water and mine waters generally be exempted from the operation of 
™ standards (d) and (e).” 


Adrian, 
. 74. 


Q. 104. 
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This short summary of the work of former Commissions may be fitly 
concluded by a few more extracts from Mr. Adrian’s evidence. 

An important conclusion with regard to the purification of sewage by 
broad irrigation, from the Report of the Thames Commission of 1882-84, also. 
deserves notice here :— 


Par. 206. “The evidence shows that there can be no doubt as to: 
“the efficient purification when the works (of a sewage farm) are: 
“proper and the management is careful. This, indeed, is sufficiently 
“proved by the fact that the effluent under these conditions is 
“considered suitable to be allowed to flow into running streams from 
‘“‘which water supply is drawn.” 


This conclusion, so far as drinking water streams are concerned, has 
not been borne out by the bacteriological work done for the present Com-. 
mission, (Cf. Section V. of this Report.) 


With regard to the genesis and growth of the present laws regulating’ 
sewage disposal, Mr. Adrian states :— 


“The Public Health Act, 1875, being a consolidating Act, 
‘contains provisions which, if traced to their origin, are seen to: 
“belong to the legislation of some one or other of the three periods. 
“already mentioned, and reflect, even in their present context, the 
‘prevailing ideas and aims of the period. Thus, when we attempt a. 
“broad classification of the law by reference to the powers which it 
‘confers, and the restrictions 1t imposes, we observe that, although 
“the powers as now used may be made to subserve the modern 
‘“‘ purpose of river protection, they are fundamentally the outcome of a 
“system of utilization, or of the profitable application of sewage.” 


“When the Local Government Board came into existence, one of 
“the most important methods of sewage treatment, viz., intermittent 
“downward filtration, was as yet a novelty. The other method of 
‘“jand treatment, viz., by broad irrigation, seems to have been 
‘“‘ favoured as much as possible when circumstances admitted.” 


“The present practice of the Local Government Board, I think, 
‘dates from the investigation of the complaints which led to the 
‘appointment of the Metropolitan Sewage Commission. Since the pub- 
“lication of the Report of that Commission the Board have regarded 
‘themselves as justified, save in exceptional cases, in requiring that. 
“any scheme of sewage disposal for which money is to be borrowed 
‘with their sanction should provide for the application of the sewage: 
“or effluent to an adequate area of suitable land before its discharge 
“into a stream. At the same time the Board have been fully 
“prepared to recognise improvements in chemical treatment; and. 
“this is shown in the rules which, after much consideration, were 
‘adopted in 1890.” 
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SECTION IV. 


PRACTICAL AND METEOROLOGICAL OBSERVATIONS. 


Together with Notes as regards the Collection of Samples, and the routine 
work carried out during the visits to each of the Sewage Farms. 


Different times of the Year chosen for the visits to each of the Karms. 


As far as possible, different times of year were chosen for the visits to 
each of the farms selected for observation, with a view to (1) ascertaining, if 
possible, to what degree the effluents were affected by seasonal variations in 
temperature, rainfall, &c., and (2) obtaining a fair idea of the working of 
the farm throughout the year. It is perhaps hardly necessary to add that 
a considerable element of uncertainty existed as to the prospective meteoro- 
logical conditions. On more than one occasion a spell of cold weather 
occurring in the warmer months of the year, and conversely a period of 
warm weather during the cold season, upset our anticipations to a consider- 


able extent. 


6255 cst Ie 


Differences of air temperature during the visits to each of the farms. 


As regards the farms which were visited more than once, it will be 
observed from the following table that, with the exception of South Norwood 
(which was only visited in cold weather), and Altrincham (visited twice in 
the late spring), the differences in air temperature were on the whole well 


marked :— 





Name of Farm. 


Nottingham - 


Aldershot Camp 


‘Cambridge - 


Altrincham - 


Beddington - 


Leicester - 


South Norwood 


Rugby - - 


| 


| 























































Nember geen a _lexinnum Mialenn (aay 

©! Temperature.| Temperature.| Rainfall. 
Ist visit -| 1'1°C.(34°F.)| 3°8°C.(39°F.)-1'1 C.(30°F.) 108" 
and ,, _- |17:2°C.(63°F.)22°7°C.(73°F. i12-2°C.54°F.)) 19” 
Ist ,,° -| 38°C.(G90°R.Y 94°C.(40°F)-16°C.29° 8), = san: 
and ,, — - /13°3°C.(56°F.)|20°3°C.(69°F.)| 66°C.(44°F.)} “02” 
3rd, —-- |17°2°C.(63°F.)|25°5°C.(78°F.)| 9°4°C.(49°F.)} 06” 
Or eek ON CUR 50°C (41°F) 0°5°C.(33°F.)} 02” 
Ist ,, \ - {10°0°C.(50°F.)/16°1°C.(61°F.)| 3°8°C.(39°F.)} 07” 
and ,, - |11°6°C.(53°F.)18'8°C.(66°F.)| 4:4°C.(40°F.)| 02” 
Ist,.,,  -| 38°C.(39°F.)) S3°C.(47°F.)) 0'0°C.32°F') iTO" 
and ,,  - |10°0°U.(50°F.)/16°1°C.(61°F.)| 4°4°C.(40°F.)) 08” 
3rd. ,, —-- (10°0°C.(50°F.)13°8°C.(57°F.)| 6°6°C.(44°F.)] 07” 
Ist ,, -| 66°C.(44°F.){10°5°C.(51°F.)| 3°3°C.(38°F.)| 04” 
and ,,  - (14°4°C.(58°F.)|20°5°C.(69°F.)| 8°3°O.(47°F.)} 05” 
Std men 13'8°C.(57°F)211°C.(70°F,) TY O45 ES 01" 
Ist 4, ..-| 38° C.9°F,)) 66°C.GLE) 11°C(3eF)) * +06" 
and ,, -| 6'6°C.(44°F.)10°0°C.(50°F.)| 2°7°C.(87°F.)| “09” 
3rd, = - |: 7°2°C.(45°F.)]10°5°C.(51°F.)| 4°4°C.(40°F.)} 06” 
Ist ,,  - |13°8°C.(57°F.)|19°4°C.(67°F.)| 8°3°C.(47°F.)|_, -06” 
Qnd ,, -| 4'4°C.(40°F.)) 8°3°C.(47°F.)} 1°1°C.(34°F.) 05" 






























Time of Year. 


December. 


July and August. 


March. 


May and June. 


June and July. 


Jan. and Feb. 


April and March. 


.| April and March. 


February. 


October. 


November, 


November. 


August and Sept. 


September. 


January, 


November. 


November. 


June. 


Feb. and March: 


It will further be noticed that the mean daily rainfall varied consider- 
ably in the case of the majority of the farms. 


Sy) 
Je) 


Influence of the temperature of the air on the temperature of the effiuents. 


That the influence of the air temperature on the temperature of the 
effluents resulting from surface irrigation is very marked is shown by com- 
parison between the curves of air, sewage, and effluent temperatures in 
the case of Beddington and South Norwood; the temperature of the 
effluents varied par? passu with the changes in atmospheric temperature. 

It will be convenient here to refer briefly to the temperatures of samples 
which—as mentioned elsewhere—were taken in conjunction with the air 


temperature at the time of drawing. 


The appended table gives the average 


temperatures of sewage and effluent samples, drawn at each visit to the 





farms, :-— 
Number of 
Name of Farm. Visit. 
Ly 
Altrincham - a) TSbe visit. - 


Average Sewage 
Temperature. 


9-4° C. (49° F.) 


Average Effluent 
Temperature. 


Time ef Year. 








10°0° C. (50° F.) 


April and May. 





=|) Ind = 


12°2° C. (54° F.) 


9°4° C, (49° F.) 


April and May. 





Aldershot Camp-| lst ,, - 


20) 


72° C. (45° EF.) 


66° CO. (44° F.) 





March. 





107. (59> i.) 


12°2° C. (54° F.) 


May and June. 











-}| 3rd = 


19°4° C. (67° F.) 


14:4° C. (58° F.) 


June and July. 








-| 4th L 


Beddington- ot aie, 


12 ©) (65° FS) 





9°4° (1, (49° F.) 


10°0° C. (50° F.) 


5°5° C. (42° F.) 





15°0° C. (59° F.) 


12°7° C. (55° F.) 





” 


144° C. (58° F.) 


12°2° C. (54° F.) 


October. 
February. 


October. 


November. 








Cambridge - ATasEy' is) \V/ - 


3°3° C. (38° F.) 


38° O. (39° F.) 





Leicester - -| Ist ,, . - 





13°3° C. (56° F.) 


8°8° C. (48° F.) 


Jan. and Feb. 


November. 








16°6° C. (62° F.) 


17°7° C. (64° F,) 


August and Sept. 








= Seer | 3, = 





ah Se Ath - 


17°2° C. (63° F.) 


17°7° 0. (64 F) 





161° C. (61° F.) 


15'5° C. (60° F.) 








Nottingham Tit ae rte 





15°0° C. (59° F.) 


9°4° C, (49° F.) 





September. 





October. 


December. 








18°3° C. (65° F.) 





” 


20°0° C. (68° F.) 





11°6° C. (53° F.) 


July and August. 








13°3° C. (56° F.) 





Rugby- e -| 1st ” = 


13°8° O. (57° F.) 


16°6° C. (62° F.) 


September. 





June. 








= ond - 


72° ©. (45° F.) 


50° OC. (41° F.) 





South Norwood -| Ist ,, - 


77° CO. (46° F.) 





a4 She. a = 


3rd . 





8'3° C. (47° F.) 


10°0° C. (50° F.) 





50° C. (41° F.) 


83° C. (47° F.) 


9°4° C. (49° F.) 


February and March. 
January. 
November. 


Nov., Dec. and Jan. 
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Tn connection with the filtration farms—Nottingham, Aldershot Camp, 
Altrincham, and Cambridge—it is well to bear in mind the fact that greater 
variations occur in “chance” samples from different areas of land than is the 
case when the temperatures are taken daily from the same place. This 
may probably be accounted for by the fact that the drains frequently vary 
in depth on different plots of land, and are usually shallowest at the end 
furthest from the effluent outfalls, hence a different temperature is to be 
anticipated from effluents drawn at the high and low levels, respectively. 
The surface irrigation effluents tend to vary in temperature almost from hour 
to hour according to the temperature of the air at the time they are drawn. 
It must also be remembered that the above tabulated temperatures extend 
over three years, while the systematic observations of the temperature of 
air, sewage and effluent were taken over a period of one year only. In 
Part IV. (Engineering Report) this matter is dealt with in more detail, 
but it will not be out of place to include here the diagram illustrating the 
above facts (see diagram 9). 

In conclusion, the temperatures of the various samples show (1) that the 
daily temperature of the effluents from filtration farms is remarkably 
uniform, and bears only an indirect relation to the prevailing atmospheric 
temperature, notwithstanding that its monthly and seasonal mean tempera- 
ture naturally varies to a greater extent; and (2) that the surface irrigation 
farm effluents show considerable fluctuations in temperature within a com- 
paratively short space of time, and vary more or less directly according to 
the temperature of the air. 
Description of farms, with illustrative plans, notes on samples, systematic, 

practical and meteorological records, ete. 


In Part IV. (Engineering Report) a full description is given of each 
farm, embodying many items of interest :—(1) in connection with the different. 
sewerage systems, (2) as regards the several methods of irrigation in use, and 
(3) in respect of other matters which appeared to have a definite bearing 
on the purification of the sewage. 

A plan is given of each of the eight farms, viz., Aldershot Camp, 
Altrincham, Beddington, Cambridge, Leiesester, Nottingham, Rugby and 
South Norwood, and other explanatory plans and sections are also given 
where necessary. 

All samples drawn were numbered, and notes were made on the spot 
with reference to conditions which seemed likely to affect the analyses. 
These notes are given in Part [V. (Engineering Report) in tabular form under 
the following heads :— ; | 


Table of all samples drawn at each farm shewing :— 


(1) Number of sample. 

) Date of drawing sample. 

) Time of day. 

4) Rainfall (day previous to drawing sample). 

) Rainfall (day of drawing sample). 

6) Atmospheric temperature (time of drawing sample). . 
7) Temperature of sample. 

8) Maximum temperature during the 24 hours. 
9) Minimum temperature during the 24 hours. 
0) Humidity. 

1) Dissolved oxygen in sample (approximate). 
2) Brief description of sample. 

(13) Remarks. 


Table of all samples of effluents drawn at each farm shewing :— ~ 


(1) Number of sample. 
(2) pay d of times the sewage had been passed over or through 
the soil. 

" Area of plot or plots sewaged at the time of drawing the sample. 
4) Length of time these plots had been sewaged previously to 
drawing sample. . 

(5) Nature of crops grown on plots. 


Dragrom 9, 


_Lemperatares _ 


‘ 
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Table of comparative samples. 
Table of corresponding samples. 
Table of sewage samples. 


In addition to the above, further notes were made where it was deemed 
necessary, and these will be found under the heading of “ Additional Notes 
on Samples.” 

At each of the eightfarms kept under systematic observation, the maximum 
and minimum temperatures, the rainfall, and (at a later stage) the humidity 
of the air were recorded daily, and are given in chart form. It was impossible 
at the commencement of the investigation to foresee how far these meteoro- 
logical observations would be of use when studied in conjunction with the 
chemical and bacteriological results, but obviously it was of great importance 
to obtain the records. That it is not always easy to interpret the in- 
dividual, if not general, chemical and bacteriological results in relation to the 
meteorological records does not mean that the collection of meteorological 
data is of small value. + 


Collection of samples. The sampling of sewage, of effluents, and of mixed 
rier water and effluent. 


All samples of sewage and effluent (excepting the experimental effluents) 
were taken during the ordinary working of the farms, 2.¢., the sewage was 
not during the visits spread over either a larger or a smaller area of land 
than usual, the conditions in all respects being normal. 

The range of time during the day in which samples of sewage and effluents 
were drawn is given in the following table, the farms being arranged in 
alphabetical order :— 




















Name of Farm. | Sewage Samples. Effluent Samples. 
Aldershot Camp - 9.45 am. to 2 p.m. 10 a.m. to 4.30 p.m. 
Altrincham - . 10.15 a.m. to 12 noon . 10.45 a.m. to 2.30 p.m. 
Beddington - : 10.30 a.m. to 3 p.m. 11 am. to 5.15 p.m. 
Cambridge - 11.15 a.m. to 2.30 p.m. 11.15 a.m. to 4.45 p.m. 
Leicester - - 10.30 a.m. to 12.30 p.m. 11.15 am. to 3.15 p.m. 
Nottingham- : 11.35 a.m. to 3 p.m. 11.30 a.m. to 4 p.m. 
Rugby- - - 10.30 a.m. to 4 p.m. 10.45 am. to 5 p.m. 
South Norwood - 11 a.m. to 3.45 p.m. 10.30 a.m. to 5.15 p.m, 








It will be seen from the above table that the samples show a fair range 
of time as regards drawing, and that therefore they would presumably be 
likely to include effluents resulting from the strongest sewage. 

It was necessary in certain cases to draw and despatch the samples 
sooner than would otherwise have been the case, in order to ensure their 
early arrival at the laboratories. 


The sampling of sewage. 


The sampling of sewage—‘ chance” samples—from carriers on a farm 
is a matter of difficulty, more especially when the sewage is crude and has not 
undergone any previous treatment. The method adopted in these cases was 
carefully to fill the sample bottle at about one-half the depth of sewage in 
the carrier adjacent to the point where this sewage flowed on to the land, 
avoiding stirring up sediment. 

In the case of very long carriers, a considerable amount of sedimentation 
frequently takes place, as in a settling tank, and consequently a plot sewaged 
at the end of such a carrier receives less than its fair proportion of suspended 
matter. 
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The drawing of sewage samples after passing through settling tanks: 
presented less difficulty, the settled tank liquor as a rule being fairly uniform 
in quality. As regards sewages where manufacturing refuse occurs, the 
character of the sewage frequently changes very suddenly throughout the. 
day, and a sample taken at a certain time one day may differ considerably 
from a sample taken at precisely the same time on another occasion. 


The sampling of effluents. 


The drawing of “‘corresponding samples,” z.é., of samples intended to shew 
the amount of purification effected in the various stages, presented many 
difficulties, and these samples can therefore only be regarded as corresponding. 
approximately. 

For example, in the case of a field sewaged after a period of rest, if a 
sample is taken of (a) the on-flowing sewage and afterwards (6) the first effluent 
issuing from the drains (on filtration farms), or coming off the bottom of the 
field (on surface irrigation farms), it is doubtful whether the two samples really 
correspond. The reason for this appears to be that a very large amount of 
sewage may be (and usually is) absorbed by the soil before any effluent 
appears, this amount depending upon the nature of the soil, the time the land. 
has been resting, volume of sewage applied, good distribution or otherwise, 
crops, etc., in addition to a large number of variable factors, such as tempe- 
rature, rainfall, humidity, etc. Further, in the case of a filtration farm, sudden 
rainfall with a humid atmosphere may cause the effluent to percolate to the 
drains very much faster than would be the case with a dry soil, drying wind 
and high temperature, and this applies with even greater force to effluents 
from surface irrigation farms, where a relatively greater area of evaporation 
is usually exposed in proportion to the volume of sewage. 

It will thus be seen that care had to be exercised in the collection of 
these ‘“‘ corresponding” samples, and all that can be said is that the sample 
of effluent was collected at such a time after the sewage sample as to represent, 
as far as possible, the degree of purification effected on the sewage by its 
passage over or through the soil. 


The drawing of filtration effluents. 


In the case of the filtration farms visited (Nottingham, Cambridge,. 
Aldershot Camp, and Altrincham) the effluent only passed through the soil. 
once, immediately flowing off by the underdrains to the main effluent 
channel. ? 

At the above-mentioned farms the jinal efiuents were obtained from the: 
underdrains of individual plots, in order to ascertain the nature of the effluents. 
from different crops under sewage. The mixtures of these several effluents. 
(termed general or combined effiuents) were taken from the main (or common) 
effluent channels. It is worthy of note in this connection that, when the 
whole of the several effluents from different plots of land leave the farm by a 
common channel, if one of these separate effluents should chance to be un-: 
satisfactory, it may affect the general or combined effluent prejudicially. 
Taking a case in point, where the separate effluents are, generally speaking, 
of good quality, a very slight leakage of imperfectly-purified sewage into the- 
common effluent channel, brought about by rat holes or other causes, may 
affect the quality of the general or combined effluent to a considerable extent. 


The drawing of surface irrigation efiuents. 


With regard to samples from the surface irrigation farms (South 
Norwood, Leicester, Beddington, and Rugby), when the sewage was run over’ 
more than one plot of land, samples were taken from the foot of each plot,. 
i.¢., first, second, third field effluents, etc., according to the field from which 
the effluent was drawn; the effluent being taken from the “ pick-up” 
carriers at the foot of the plots, to ensure fair average samples as far as. 
possible. 

Where both surface and filtration effluents occurred on the same farm, 
samples were taken of each. 3 


$3. 
The drawing of samples of mixed river water and effluent. 


The samples of mixed river water and effluent were taken as far as 
possible at points where the two liquids appeared likely to have become 
thoroughly mixed together. | 

In several instances, however, effluent outfalls from other sewage farms, 
or other factors, precluded the taking of samples low down on the stream, 
and for this reason mixtures of river water and effluent had to be taken 
nearer to the effluent outfall than was desirable, having regard to the fact 
that effluents flowing into rivers and streams may, under certain circum- 
stances, flow for some considerable distance without becoming effectually 
mingled. 


Definition of terms. 


At this stage it may be of advantage to summarise very briefly what. is 
meant by first field effluent; second’ field effluent ; comparative samples ; 
“corresponding” samples ; final effluents; and general or combined effluents. 
First field Ejjiiuents ae effluents ae eee after NaikHow ofa thata 

having been passed over (or |.” ee 
| | are to be regarded 
through) one plot of land. WED Eon srent ca 

Second field efiuents :—The effluents from sewage after fa a ye cae 
having been passed over (or Gr Bente HIieusy 80 

8 P specified. 
through) two plots of land. Ie 

Samples collected from the same source under com- 
parable conditions, except as regards time of 
drawing the sample. For instance, an _ effluent 
drawn on one day from a particular plot of land, 
“dosed” with a definite volume of sewage, is com- 
parable with effluents derived from the same source on 
succeeding days, the conditions meanwhile remaining 
fairly constant. 

“Corresponding” samples:--Kffluents drawn at such a time after the application 
of the sewage to the land as fairly to represent the 
degree of purification effected on the sewage by its 
treatment on the land. 

Final effiuents :—As the name iniplies, these are finally-treated effluents by 
the particular process. 

General or conbined effiuents—Mixtures of two or, more finally-treated 
effluents. 








Comparative samples : 
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SECTION V. 





SUMMARY OF CHEMICAL RESULTS AND CONCLUSIONS. 


The subject of the purification of sewage by land is so complex and 
involves so many factors that it is very difficult to give a satisfactory 
short summary of the chemical results of a long investigation on the subject. 
Those results are given in detail in the separate Reports, Tables of 
Analysis and Curves appertaining to each farm, and are more or less fully 
summarized in the Conclusions of the Chemical Report (Part IT.), and to 
some extent shortly summarized in the Joint Chemical and Bacteriological 
Conclusions of this Report (Section VII). 


The process of purification of sewage on land is, as is well known, 
one depending ultimately on efficient oxidation—7.e., on indirect oxidation 
by the oxygen of the air through the agency of nitrifying organisms. These 
organisms are of course active in the surface soil where the aeration is readily 
kept up, though aeration here must necessarily vary with the porosity and 
texture of the soil itself. It is obvious, therefore, that what is wanted in 
the soil and subsoil of a filtration farm is good aeration combined 
with as rapid filtration as is consistent with good purification: or, in 
other words, we require that in the soil and subsoil neither the aggregate 
number of particles per unit volume of soil nor the aggregate filtration 
surface exposed by those particles shall fall below or exceed certain limits.. 
In order, therefore, to be able to form an approximate estimate of the 
purifying effect which any particular soil is likely to exercise upon a given 
sewage, we ought to know :— 


(a) The volume and strength of the sewage. 


(6) The quality of soil and subsoil as determined by mechanical 
analysis. 


(c) If possible, the average rates of filtration through the soil and 
subsoil. 


(d) It may also be desirable to determine the amount of lime or 
other chemical constituent of the soil. 


A. short description and comparison of the various soils and subsoils 
examined are given in Sub-section 13 of this Report, while the subject is. 
treated in detail in the sectionof the Chemical Report which deals with Soils. 

The appended Tables* (A) (B) and (C) on pages 52--55 show respect- 
ively :— 


(A.) The average chemical composition of the different sewages. 
treated on the eight principal farms under observation. 


(B.) The average chemical composition of the different effluents. 


(c.) The approximate percentage purification effected at each 
farm, as calculated by the reduction in (a) albuminoid 
nitrogen ; (0) “ oxygen absorbed ” from permanganate. 


The last table is given for the convenience of those who are in the habit 
of gauging purification in this way, but it must be remembered that the 
calculation is merely empirical, the organic matter in a purified effluent 
being totally different as regards fermentability from the organic matter in 
the original sewage. 


In connection with these fignres of analysis, the usefulness of estimating 
the total nitrogen in a sewage or effluent may just be referred to. 





* For fuller details of analysis, see the separate Farm Reports and Tables. 
baz 
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Sewuges.—The differences shown by the various sewages as_ regards 
organic strength and quality have already been dwelt upon sufficiently in 
Section IT., Sub-section 11. 


Efiuents.—With respect to effluents, it will be observed that neither in 
this nor in the Chemical Report has any fixed chemical standard for effluents 
been specified. The reasons for not advancing a definite opinion upon this 
point in the meantime are discussed a little further on under the heading 
“ Chemical Standards of Purity for Sewage Effluents,” and also in that 
section of the Chemical Report which deals with the question of standards. 
At the same time it should be said here that in endeavouring to arrive at 
the quality of any particular effluent, or of the effluents generally from any 
one farm, the following points, among others, have been borne in mind :— 


1. The smell of the effluent and its general appearance with regard 
to colour, solids in suspension, ete. 

2. How the effluent would be judged (speaking approximately) by 
the Mersey and Irwell provisional standard as regards albu- 
minoid nitrogen and “oxygen absorbed” from permanganate 
(but allowing to some extent for the “oxygen absorbed ” being 
determined from strong permanganate at 80° F. and not from 
weak permanganate at 60° F.),* 


Whether or not it withstood the incubator test. 


The amount of dissolved oxygen present at the time of analysist 
and the comparison of this with the quantity present when the 
sample was drawn, having regard here also to whether a 
surface irrigation or a filtration effluent was in question ; 
further whether any oxygen remained after incubation either 
at atmospheric temperature or at a temperature of 26°7° C. 
(80° F.) 

The amount of nitrate present, and how far that nitrate was 
reduced upon incubation. 

6. The approximate ratio of oxidised (@.¢., nitric + nitrous) nitrogen 
to the albuminoid and to the total organic nitrogen, and also 
to the total unoxidized nitrogen. 

The purification results at the different farms may be summarized as 
follows :— 

1. CamBriIDGE (/Yltration, mostly without cropping.) 

The Cambridge farm treats, on a good porous soil and subsoil, an 
exceptionally large volume of a somewhat weak domestic sewage, which 
however contains in the aggregate a very large quantity of organic matter— 
more than half as much again as the organic matter treated per acre at 
Nottingham (cf diagrams 5 and 6, Section II., Subsection 11). The result 
is a dilute effluent which is usually from a chemical point of view good, and 
sometimes very good. At the same time the organic matter left in some of 
the less highly purified effluents is of a somewhat putrescible character, as 
judged by the incubator test, though there is nearly always enough nitrate 
present to keep the liquid inoffensive upon incubation. The number of 
particles} in unit weight of ignited soil and subsoil, taking the 
numbers at Nottingham as 100 in each case, are :—soil 75, subsoil 61. The 
relative calculated§ internal filtering area at Cambridge per unit of surface, 
down to the drains, works out to about three-quarters that at Nottingham, 
but depth for depth there is not a great deal of difference between the two, 
the drain pipes being laid deeper at Nottingham. The rate of filtration at 
Cambridge must be a medium rate, probably rather faster than that at 
Nottingham. If, therefore, the two farms were laid out in the same way, 
and treated the same sewage in equal volumes per acre, we should expect 
the results to be much the same, though probably with a slight balance in 
favour of Nottingham. 

* Of. Fourth Report of Royal Commission on Sewage Disposal, Vol. IV., Part V.—Report to 
the Commission by Dy. G. McGowan, Mr. R. B. Floris and Mr. R. S. Finlow on Methods of 
Chemical Analysis as applied to Sewage and Sewage Effluents. 

+ A fully aerated sample would contain roughly about 7 cubic centimetres of oxygen per litre, 
i.e, 7 volumes of oxygen per 1,000 volumes of water. 

t As already stated, these numbers of particles (in this and the other soils and subsoils) 
refer to the ignited soil or subsoil, and therefore take no account of particles of organic matter 


present. ; 
§ This calculation is of necessity only an approximate one. 


Ot 
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2, ALTRINCHAM (filtration, with cropping). 


Altrincham also treats a large volume of a weak domestic sewage, about 
three-fourths of the volume at Cambridge (¢f Diagram 6, Section II., Sub- 
section 11), but on a porous peaty soil, overlying sand admixed with a little 
gravel. We have not sufficient data to give either the relative amount of 
organic matter treated per acre, though this must be large, or the 
approximate relative internal filtering area of the Altrincham soil and_ sub- 
soil down to the drains. The number of particles in unit weight of ignited 
soil (Nottingham = 100) is 157. The rate of filtration at Altrincham is 
probably fairly rapid. The resuit is an effluent which is on the whole fairly 
satisfactory chemically, but the farm had apparently rather too much to do 
at the time of our observations. As regards the treatment of large volumes 
of weak domestic sewage, Cambridge and Altrincham are more or less 
parallel ; but in the nature of the soil and subsoil and in the depth to the 
drains the two differ materially. 


3. NotrincHam (filtration, with cropping). 


Nottingham treats, on an excellent loamy soil and gravelly subsoil, a 
medium volume of a rather strong sewage containing 40 per cent. of trade 
refuse, the aggregate organic matter treated per acre at Nottingham being 
about two-thirds that at Cambridge. The number of particles in unit weights 
of ignited soil and subsoil is here taken at 100 in each case, for the purpose 
of compariscn with the soils and subsoils at other farms. The relative 
calculated internal filtermg area down to the drains is about: one-third 
greater than at Cambridge, and the rate of filtration is probably somewhat 
slow. The result of the treatment at Nottingham is an effluent of altogether 
exceptional quality, clear and sparkling, and approaching in the best samples 
within measureable distance, from a chemical point of view, of a drinking 
water. 


4, AtpeRSHOT Camp (Filtration, with cropping). 


At Aldershot Camp a medium volume of a very strong and highly 
ammoniacal sewage is treated on a relatively coarse sandy soil overlying a 
fine sandy subsoil containing a great deal of iron. The aggregate organic 
matter treated per acre is on the whole, perhaps, somewhat. greater than at. 
Nottingham (cf Diagram 5, Section II., Sub-section 11), but there is no 
trade refuse mixed with the sewage. The average depth to the drains is 
about 3 feet 3 inches, and the rate of filtration through such a fine sandy 
subsoil must be rather slow. The numbers of particles in unit weights of 
ignited soil and subsoil (Nottingham=100), are -—soil, 19; subsoil, 394. 
The relative calculated internal filtration surface area down to the drains 
is almost the same as that at Nottingham. The general result of the 
treatment at Aldershot is a highly nitrated effluent, still containing in 
some instances a considerable amount of organic matter, not much of 
which however is of a rapidly fermentable character, as judged by the 
incubator test, and the nitrate present is always much more than sufficient 
to keep the effluents from putrefying. They often contain, however, con- 
siderable quantities of very flocculent vegetable matter, coloured by oxide of 
iron, washed from the drain pipes. 

It will be observed that, apart from texture, the conditions for the: 
aeration of the soil and subsoil are the reverse at Aldershot Camp to what. 
obtain at Nottingham and Cambridge, and are probably less favourable, 
for at the former we have a coarse sand resting upon very fine sand, while 
at the two latter a fine loam rests upon coarse sand and gravel. 


5. Croypon, BEeppineTon (as a Filtration farm, with cropping). 


Although Beddington is primarily a surface irrigation farm, a portion of 
it is drained, and reference may therefore be made to that portion here. The 
soil and subsoil are, generally speaking, directly comparable in texture with 
those at Nottingham and Cambridge, though the Beddington subsoil is much. 
the most stony of the three, The numbers of particles in unit weights. 
of the ignited soil and subsoil (Nottingham =100) are :-—soil, 46; subsoil, 
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55. Taking the average depth down to the drains at 6 feet 6 inches, then 
the relative calculated internal filtration area per unit of surface is about 
four-fifths that at Nottingham. The rate of filtration must also be somewhat 
similar to the rates at Nottingham and Cambridge, though no doubt 
appreciably faster. The results of the analysis of the second field filtration 
effluents obtained in the special experiment (see Part II., Chemical Report 
on the Beddington Farm) show what a high degree of purification, chemically 
speaking, can be obtained by using Beddington as a filtration farm. The 
soil and subsoil being, however, distinctly coarser than those at Nottingham, 
would probably not produce (under exactly similar conditions) quite such 
good results as we have obtained at the latter place; on the other hand 
aeration would be easier at Beddington. 


5a. CROYDON, BEDDINGTON (as a Surface Irrigation farm.) 


Since the surface soil at Beddington is about 15 inches deep, we are to 
a certain extent dealing here with a shallow filtration farm, with very good 
soil for the purpose of sewage purification. But with our present data it is 
impossible to say how much of the purification effected at Beddington is due 
to filtration through the top soil and how much to surface irrigation pure 
and simple. The sewage is practically a domestic one, of moderate strength 
probably of about average strength. The volume of sewage treated per 
acre—exclusive of storm water—was very large for a surface irrigation farm, 
being only a little less than at. Nottingham and a little more than at Rugby 
and Aldershot Camp, while the aggregate organic matter treated per acre 
was less than at Rugby (see diagrams 5 and 6, Section II., Sub-section 11). 
The variations in flow and the additional matter to be dealt with, owing to 
sudden influxes of storm water at Beddington, must add greatly to the 
difficulty of management. The analytical results of the final effluents show 
that the Beddington Farm, used for surface irrigation under the conditions 
detailed in the Engineering Report, is capable of producing a high-class 
effluent, and does so sometimes but not always, the inference being that the 
land had rather too much to do.* 





6. Rucsy Hien Leven Farm (Surface Irrigation on stiff soul with 
underdrams). 


Rugby was originally chosen as an example of a sewage farm with a 
heavy loam soil, z.¢., a soil midway between a light loam and a clay. We had 
very great difficulty in finding a suitable farm with this type of soil, and 
Rugby was ultimately fixed upon as being on the whole the most suitable. 
As will be seen, however, from a comparison of the mechanical analysis of 
the Rugby surface soil with those of Leicester and South Norwood, that at 
Rugby is apparently—contrary to expectation—more ofa clay than the 
others. But gravel “pockets ” occur in the subsoil at Rugby, and these 
must to some extent increase the purification by the filtration which takes 
place through them. The surface soil itself is about 10 inches deep and it 
overlies yellow clay, the average depth of the drains being about 3 feet 9 
inches. The number of particles in unit weight of the ignited soil 
{Nottingham = 100) is 392. , 

The sewage at Rugby is domestic (some engine oil is present) and the 
volume treated there per acre is almost the same as at Aldershot Camp. 
The Rugby sewage is, however, not quite so strong organically, though it 
contains more suspended solids, and hence the aggregate organic matter treated 
per acre of irrigable area is rather less (see diagrams 5 and 6, Section I., Sub- . 
section 11). Still, the amounts of sewage matter to be purified per acre in the 
two cases, in almost equal volumes of liquid, are sufficiently near to make a 
rough comparison of interest. At Aldershot Camp,as already seen, we have one 
filtration of the sewage through sand, with the production ofa highly nitrated 
effluent. At Rugby, on the other hand, the effluent from half of the sewage, 
passed for the most part over? one (larger) plot of ground, is mixed with the 








| * Since the foregoing observations were made, some bacterial filters have been erected at 
Beddington, with a view to lessening the work laid upon the land. 

t The temperature of the Rugby effluents indicated that they were mainly from surface 
irrigation. 
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other half of the sewage, and this mixture is run over a second (smaller) plot. 
the result being an effluent of quite a different character from that at Aldershot 
Camp, 7.e., much less highly nitrated, but at the same time containing less total 
nitrogen, less organic nitrogen, and less oxidizable matter generally. Whether 
this greater decrease in nitrogen is brought about wholly through greater 
absorption by plants (greater than is possible with filtration through cropped 
sandy soil), or partly also through the mutual decomposition of nitrate and 
‘ammonia by the agency of microbes, would be an interesting point to know. 
The Rugby soil is thus capable of producing a very fair surface irrigation 
effluent of even composition, as was shown by the samples which were drawn 
and examined in spring; but the quality of the summer samples indicated 
that the area of land in use at that time was insufficient. 


7. LEICESTER (Surface Irrigation over clayey soil with underdrains). 


The surface soil at Leicester is of a stiff clayey nature, from 6 to 12 
inches deep, overlying 24 to 3 feet of yellow clay, which in its turn rests 
upon hard boulder clay and the Keuper marl. The drains are abont 4 feet 
deep. The mechanical analysis of the soil indicated that it was really less 
stiff than the surface soil at Rugby, but the clay subsoil at Leicester is of a 
more uniform character than the Rugby subsoil. Taking the number of 
particles in unit weight of the Nottingham ignited soil at 100, the number 
in the Leicester ignited soil is 269. 

The sewage contains about one quarter of its volume of manufacturing 
refuse of different kinds, and is of moderate strength as regards nitrogenous 
matter, though it has in it a relatively large proportion of oxidizable 
substance, this last being no doubt largely due to the trade refuse present. 
The actual volume treated per acre of irrigable area is as nearly as possible 
half that of Nottingham, and the aggregate organic matter also about half 
(cf. diagrams 5 and 6, Section II., Sub-section 11), although the suspended. 
solids going onto the land are in larger proportion than this. Treatment 
over the first field (arable) removes the larger part of the impurities, more 
especially as regards suspended solids. The final effluents, from treatment 
over two or three fields (the second and third field being usually rye-grass 
or pasture), varied considerably in quality and might be described as moderate, 
chemically speaking ; it should, however, be added that they withstood 
the incubator test very fairly, t.¢., that their keeping property was better 
than some of the figures of analysis would lead one to expect. The sewage is 
no doubt a difficult one to treat on such asoil, especially as the ground hasa 
strong tendency to crack in dry weather and thus to let unpurified sewage 
direct into the drains. This last circumstance of course emphasizes the 
necessity for repeated treatment under such conditions. The results. 
however, show that with careful management surface irrigation several 
times over under-drained clay land may be trusted to produce a fair chemical 
effluent. 


8. South Norwoop (Surface Irrigation over fairly stiff soil with very little 
underdrainage. ) 


At South Norwood the surface soil is less stiffand tenacious than that at 
Leicester, and this is clearly brought out by the mechanical analysis. It is, 
however, a little shallower than the Leicester surface soil, viz., from 6 te 10 
inches deep. ‘The subsoil is London clay. Taking the number of particles 
in unit weight of the Nottingham ignited surface soil at 100, Leicester gives 
269 and South Norwood 177. The presence of ashes was easily discernable 
in this soil. 

The sewage at South Norwood is purely domestic and it is rather weak. 
The volume per acre of irrigable area is about five-sevenths that at Leicester 
and about one-third that at Nottingham, but on the;other hand, as at 
Beddington, the whole of the storm water (amounting on occasions to five 
‘times the dry weather flow) is treated at South Norwood, which must of 
course be agreat strain on the farm. Excluding storm water, the actual 
organic matter dealt with per acre is only about half that at Leicester and one 
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quarter that at Nottingham (diagrams 5 and 6, Section Il, Sub-section it)! 
The effluents varied in appearance, the general effluents evidently containing 
rather more suspended matter than the other final effluents, which might 
show only a trace of this. Speaking generally, they were of moderate 
quality. That the land was getting too much to do at the time of our obser- 
vations was fully recognised by the local authorities, who have been for some 
time past extending their bacterial filters with a view to lightening the burden 
laid upon the soil. But here again, as at Leicester, we have sufficient data 
to show that a fair chemical effluent can be obtained by surface irrigation 
over a lightened clayey soil, mostly laid out in rye grass, which is not under- 
drained. 


Short comparison of results at Leicester and South Norwood. 


It is difficult to compare the results obtained at Leicester and South 
Norwood respectively, since the conditions, apart from the question of drain- 
age, are only to some extent analogous. But, taking everything into account, 
it would appear that on the whole the system followed at Leicester, viz. : 
surface irrigation several times over clayey soil with under-drains in the 
clay sub-soil, is capable of purifying more sewage than that in use at South. 
Norwood—surface irrigation over several plots of undrained clayey soil. 
In other words, there would seem to be sufficient percolation at Leicester, 
partly no doubt through small fissures, but partly also in the immediate 
neighbourhood of the drain pipes, to materially influence the result for the 
better. At the same time the temperature of the final effluents, both at 
Leicester and South Norwood differed very little from the temperature of 
the air at the time of drawing, which is a strong argument against much 
percolation having taken place at Leicester. 


Before concluding, one or two points may be touched upon, having 
reference to some of the remaining sewage farms where only a few 
observations were made for the Commission, details being given in the 
separate Farm Reports in Part II. 


Mickleover and Hemsworth. 


The Mickleover and Hemsworth farms afford instances of sewage 
treatment on very shallow surface soils overlying stiff clay, 1.e., on types of 
soil not well adapted for the treatment of sewage. But even under such 
unfavourable conditions the Mickleover effluents furnish an illustration of 
the point emphasised elsewhere in this Report, viz., that (the question 
of) purification by a soil is one of degree rather than one of intrinsic ability 
or disability. 

Worsley. 


The Worsley farm effluents from that portion of the farm which 
consisted of pure peat land were, as might have been expected, far from — 
satisfactory, though even here there was a very considerable degree of 
purification. Without at all recommending peat land for the treatment of © 
sewage, it is interesting in this connection to recall a laboratory experiment 
made by the Rivers Pollution Commission (Vol. L., First Report, p. 69), as 
follows :— 


“These analytical results show that, although the action of the 
‘Lancashire peat upon sewage is for a couple of months but slight and 
‘‘unsatisfactory, yet the subsequent steady improvement of the effluent 
“water encourages the hope that this material would, after a somewhat. 
“longer education, become an efficient purifier of sewage filtered 
‘through it at the rate of 49 gallons per cubic yard, per 24 hours.” 
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Cities and towns such as Winchester and Luton, whose sewage farms 
are on the chalk, find themselves in the fortunate position of being untroubled 
by effluents, for the sewage at these places sinks into the ground and 
disappears. For this reason, attention may be drawn for a moment to 
the effluents obtained artificially by the filtration of the Luton sewage 
through different thicknesses of chalk in situ, with previous removal of the 
surface soul, ‘The results of the chemical analyses showed that the sewage 
underwent comparatively little direct purification in its rapid passage through 
3 feet of chalk. This emphasizes the necessity for the careful examination 
-of all well and spring waters which could by any possibility come within the 
sphere of influence of a chalk scwage farm. 


Dr. Poore’s Village System of Sewage Disposal. 


Two visits were paid to Andover in connection with the interesting 
experiments on village sewage disposal which have now been carried out by Dr. 
Poore for a number of years. The short notes of these visits, with the 
analytical results, will be found in the Engineering, Bacteriological and 
Chemical Reports respectively. 


Filtration v. Surface Irrigation Efiuents. 


The foregoing results show how difficult it is to generalize here, or to 
say dogmatically that one of those classes of effluent is better than the other, 
seeing that the soils in both types of farms differ so muchin quality. To put 

‘the matter broadly, one may say that the best effluents are to be obtained by 
filtration through such soil and subsoil as those at Nottingham, the land 
being cropped. It is very improbable that any irrigation farm dealing with a 
reasonable quantity of sewage could produce such effluents. At the same 
time an irrigation farm on good soil, such of that at Beddington, can also 

yield very excellent results. The irrigation effluents from heavy soils cannot 
be expected to reach the highest standard, though even here fair results 
can be obtained by a proper regulation of the dose of sewage, and effluents 
either free or practically free from suspended solids produced ; whether such 
effluents would ever be colourless, like the best filtration effluents, is doubtful. 
The sometimes large quantity of very flocculent (and therefore very light) 
matter that may be brought down from the drain pipes by filtration effluents 
is a point that merits attention. Judging from the earlier samples at 
Nottingham, these flocculent solids need not be present if the land is suitable, 
_and if the volume of sewage treated is moderate in amount. 


Influence of season upon the chemical quality of effiuents. 


So far as our results go, the quality of the various effluents from the 
different farms did not vary very materially at different times of the year, 
though in summer and early autumn the effluents were necessarily more 
-concentrated than during the colder months. On the whole they were not 
quite so good in the warm seasons. 

This point should in future be tested systematically by the rate of 
_absorption of dissolved oxygen (see below, sub-section dealing with chemical 
.standards of purity for sewage effluents; also section upon Standards in 
-Part II., Chemical Report). 








TABLE A.—TABLE OF AVERAGE FIGURES SHOWING THE 




















NAME OF FARM. ALTRINCHAM. ALDERSHOT CAMP. CROYDON (BEDDINGTON). 
Number of Samples of Sewage 4 Chance samples of sew- 9 Chance samples and * 5 to 7 Chance and 
Examined. age and 5 of lagoon 3 sets of hourly samples. | 7 sets of hourly samples. 
liquor. 


Parts per 100,000 by weight. Average. Average. Average. 
Total nitrogen :—Chance samples. 2:06 to 5°01=8 56 12°45 to 24°89=17°§ 6°82 to 13-42=9-50 








Hourly samples. 12°31 to 14:°24=13°3 6°42 to 7°59=7'18 


Ammoniacal nitrogen: — ain 0°69 to 3°69=9°99 8°26 to 16°94=19'30 4°15 to 9°71=7'34 
samples. 


Hourly samples. 7°60 to 8:°21=7'87 4°18 to 5'11=4'50 


Total organic nitrogen : $e octet 0°69 to 3°69=9°99 3'39 to 9°10=§'35 2°03 to 4:06=3°37 
samples. 


Hourly samples. 4°25 to 6'18=5 06 1°31 to 2°88=9°07 


Albuminoid nitrogen : — cine 0:20 to 1:14=0°69 2°05 to 3°63=9'77 0°99 to 2°36=1°72 
samples. 


Hourly samples. 154 to 1:°69=1°§2 0°59 to 1°:12=9°91 


“Oxygen absorbed” from perman- 2°29 to 6'°98=5 99 20°68 to 38°47=95 94 7°91 to 18°73=13°70 
ganate at 26°7° C. (80° F.) im 
four hours :—Chance samples. 


Hourly samples. 19°54 to 22°40=90°79 7°85 to 17:45=12°48 


Chlorine :—Chance samples. - - 7'22 to 12°88=9°43 890 (2?) to 18°98=11°38 5'70 to 10°50=8°15 


Hourly samples. } 11°36 to 19°78=14°98 7°86 to 9:22=8§8 34 


Solids in Suspension  (gravi- 32°0 to 39°8=36'§ 21°2 to 53°0=34'5 
metrieally) :—Hourly samples. . 


“* Cellulose ” in Solids in Suspen- | 9-0 to 12°68=10°79 
sion :+~Hourly samples. 


Parts per 100,000 by Volume. 





Solids in Suspension, as determined 27 to 99=72 
by Centrifuge :—Chance samplest| 2 sewages and 3 lagoon 
liquors. 


Hourly samples.+ _— 


*Ratio of Solids in Suspension to 
Centrifuge solids : — Hourly 
samples. 


Ratio of “ Celluloses” to Suspended 
Solids (grav.) :—Hourly samples. 


*Note.—This is a comparison of a 
figure expressing weight with 
one expressing volume. 


* Some of the samples were subjected to more tests than others. 
+ These figures express the volumes of the muds. 





CHEMICAL COMPOSITION OF THE DIFFERENT SEWAGES. 


CAMBRIDGE. 





5 Chance samples and 
3 sets of hourly samples. 
























Average. 


1°50 to 11:52=3°94 


5:60 to 5:80=5'71 


0°89 to 7°31=9°4] 


3°77 to 3°85=3°82 


0°39 to 4:09 =1'99* 


1-73 to 1:95=1 88 


0°28 to 152=0'62 


0°89 to 0°96=0'91 


2:07 to 17°81=6'99 


9°49 to 10°68=10'08 


4°95 to 10°30=6'37 


7°90 to 8°74=8°45 
23'8 to 28°6=96'5 


3°84 to 5-08=4°48 


146 to 176=160 


* This figure is possibly 
too low. 
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| LEICESTER. 








5 Chance samples and 
3 sets of hourly 
| samples. 





Average. 


2°90 to 8°61=5'57 


7°32 to 9:16=8'12 


2-90 to 8°61=5'57 


7°32 to 9'16=8'19 


1:18 to 2°41=1'8* 


2°10 to 2°53=9'34 


0°66 to 1°70=1'11 


0:97 to 1°44=1°19 


7°77 to 16°41 =19'45 


20-28 to 24:83—99'35 


3°51 to 11:94=8'10 


12°50 to 13'°84=13°38 





33-6 to 34:8=34-1 


6°56 and 5:80=6'18 


160 to 261= 196 


1: 5°35) 
to =1:56 
oes 


* This figure is possi- 
bly too low. 


| 
| 
| 
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NOTTINGHAM. 





4 Chance and 
3 sets of hourly 
samples. 


Average. 


4°68 to 7°86=§°39 


7°53 to 7°32=7°§9 


3-21 to 5°32=3'99 
3-08 to 4°53=3-98 
1:47 to 4°24=9-49" 


2-56 to 4:°21= 3°15 


1:18 to 2°63=1°77 


117 to 1:99=1°45 


10°97 to 25°06 =17'64 


21-03 to 26-29=93-19 


9°66 to 23:42=16'35 


11:25 to 15°36=13'68 
34-4 to 79-2=51 9+ 


5°32 to 15-°08=8'88t 


1nd: 
to 
1: 6° 


oO 


* This figure is proba- 
bly too low. 


~I 


+ These figures are 


probably higher 
than the normal. 


RuGBY. 





| 8 Chance samyles and 
3 sets of hourly 
samples. 








| SoutH Norwoop. 


| 4 to 7 Chance and 
7 sets of hourly 
samples. 








Average. 





2°80 to 14:94=9'95 


9°39 to 9°99=9 65 


1:95 to 11-°21=7°37 
5°74 to 6-46=6'11 
1°61 to 5°57=9'54 


2°87 to 3°55=3'99 


0-40 to 2°84=4"°49 


1°56 to 1°80=1°73 


3°55 to 33°31=15'0 


17°55 to 19°18=18 44 


4°86 to 18°30=11'68 


9-36 to 10°-46=9-99 


43-0 to 50°6=47°3 








5°88 to 7°92=7°29 


258 to 345=304 





Average. 


3°52 to 10°84=7'07 


4°46 to 5°63=5-90 


5°35 to 7°60=6°50 
3°15 to 4°05=3°'54 
2-04 to 3°24=9'55 


1-02 to 1°90=1-49 


0:98 to 1°23=1:07 


0:55 to 1:04=0'67 


6°74 to 20°08=11°40 


5°43 to 9°77=7'71 


7:28 to 8'S8=]'87 


7°08 to 8-00=7°45 


9°6 to 38°2=94°9 


80 to 245=139 


1: 4°7 
to ¢=1: 66 
EA oe 





TABLE B.—TABLE WITH SOME OF THE AVERAGE FIGURES SHOWING 


NAME OF FARM. 





Number of samples of effluents 























ALTRINCHAM. ALDERSHOT CAMP. CROYDON (BEDDINGTON.) 
14 to 16 16 to 18 15 to 16 
examined.* 
(Of the final effluents two 
were over 2 fields only.) 
Average. Average. Average. 


Parts per 100,000 by weight. 


Total nitrogen - 


Ammoniacal nitrogen - - 


Albuminoid nitrogen - 


Total organic nitrogen - - 


Nitric + 


nitrous nitrogen - 


“Oxygen absorbed” from perman- 
ganate at 26°7°C. (80°F.) in four 
hours. 


Incubator test (as judged by smell)- 


* Some of the effluents were sub- | 


| (0°10 (2) to 0'45=9 96 





jected to more tests than others. 


=a 


| 


1°36 to 4:99=9'99 


0°65 to 1°87=1°93 


0:07 to 0:25=0'18 


0-0 to 3°64=0°76 


0:92 to 265=1°75 


81% passed 
(16 samples tested.) 





3°69 to 8:99=6-0 


0-91 to 4-98=1°85 


0°12 to 0-47=0'96 


0:0 (2) to 5°97=3'91 


1:02 to 5°68=9°72 


89% passed 
(18 samples tested. ) 


1-02 to 3-49=9'90 


0:23 to 3:10=4 48 


0:06 to 0-°23=0-14 


0°09 to 0°55—0-96 


0-08 to 1:43=0:37 


0:90 to 2-09=4 “44 


73% passed 
(15 samples tested. ) 








TABLE C.—TABLE SHOWING APPROXIMATELY THE PERCENTAGE CHEMICAL PURIFICA- 


oN (a) ALBUMINOID NITROGEN AND (b) 








NAME OF FaRM. 





(a) Caleulated 


: on Albuminoid 
nitrogen; 


(b) Calculated on ‘‘Oxygen ab- 
sorbed” from permanganate at 
26°7°C. (80° F.) in four hours. 


f 





ALTRINCHAM. 





On Chance 
samples of 
sewages and 
lagoon liquors 
together. 


79%" | 
rs 


*This calculation is very 
approximate and of doubt- 
ful value. 





ALDERSHOT CAMP. 





94% on Chance samples. 

84% on Hourly samples of 
sewage. 

90% on Chance samples. 


87% on Hourly samples of 
sewage. 


| 92% on Chance samples. 


CROYDON (BEDDINGTON). 








89% on Hourly samples. 


90% on Chance samples. 


89% on Hourly samples. 





—_—_—_———— 








THE CHEMICAL COMPOSITION OF THE DIFFERENT FINAL AND GENERAL EFFLUENTS. 


CAMBRIDGE. 





17 to 18 


Average. 


1-48 to 3:19=9'09 


0-22 to 1°31=0°65 


0-04 to 0°18=0:09 


0-04 (2) to 0°42=0-91 


0°69 to 2:25=1°96 


0°16 to 1:31=0°81 


94% passed 
(18 samples tested.) 





























SoutTH NORWOOD. 





11 effluents ( total 
nitrogen and “ oxygen 
absorbed’) ; 


6 effluents 
(ammoniacal and 
albuminoid nitrogen). 
These include three 
2-field effluents. 








LEICESTER. NOTTINGHAM. RUGBY. 
8 to 13 13 16 to 19 
Average. Average. Average. 


1:84 to 3°64=9°53 


0°59 to 2°81=1 65 


0-07 to 0°35=0-20 


0°18 to 0°63=0'45 


0-0 to 1°73=0°51 


1°70 to 447=9°50 


99% passed 
(13 samples tested.) 


1°41 to 3-45=9°97 
0-01 to 0:29=9'13 


0°01 to 0:10=0'03 


1°25 to 3:°29=92'06 
and 1°24 to 1°71 in 
four later samples. 





0:05 to 0°37=0'19 


100% passed 
(17 samples tested.) 


| 
| 


1:39 to 2°96=9'3] 


0:97 to 2°81=1'62 


0-08 to 0°39=0'18 


0-0 to 1°59=0'59 


0°72 to 2:16=4 ‘44 


75% passed 
(20 samples tested.) 








Average. 


0°55 to 2°83=9°30 
0-02 to 1:55=0°87 


0-07 to 0°14=0°10 


0°14 to 0°74 (?)=0°39 


0:97 to 1:73=1-44 


75% passed 


(12 samples tested.) 





TION ON THE VARIOUS SEWAGES EFFECTED AT THE DIFFERENT FARMS, AS CALCULATED 
““OxyGEN ABSORBED” FROM P’ERMANGANATE. 





CAMBRIDGE. 





85% on Chance samples. 
90% on Hourly samples. 


88% on Chance samples. 
92% on Hourly samples. 


6225, | 





LEICESTER. 





NOTTINGHAM. 








827% on Chance samples 


85% on Hourly samples. 





.| 99% on Chance samples. 


98% on Hourly samples. 


80% on Chance samples.| 997% on Chance samples. 


88% on Hourly samples. | 997% on Hourly samples. 





RUGBY. 





88% en“ xnce samples. 


89% on Hourly samples. 


91% on Chance samples. 


92% on Hourly samples. 


SoutH NORWOOD. 











91% on Chance samples. 


85% on Hourly samples. 


87% on Chance samples. 


§1% on Hourly samples. 


H2 
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SEWAGES AND EFFLUENTS.—SOME AVERAGE Ratios oF ANALYTICAL 
FIGURES. 


It may not be without interest if some of the approximate average ratios 
of the figures of analysis which have been worked out for the sewages and 
effluents are given here. At the same time it should be steadily borne in 
mind that although, on the average, the figures for any two determinations 
(say, determinations of albuminoid nitrogen and “oxygen absorbed”) may 
yield a fairly constant ratio, the ratios in individual samples may yet vary 
within such wide limits as to preclude any idea of one test being used as a 
substitute for another. Fuller details of these ratios, giving the extreme 
figures in the individual cases, are to be found in the Chemical Reports for 


each of the principal farms in Part II. : 


(A) Sewaces.—Most of the following average ratios for sewages have been 
obtained from seven different farms. 


(1) Average Ratio of Total Nitrogen to Total Organie Nitrogen = about 
3 : 1.—Extreme averages, 25 : 1 and 36 : 1. 


(2) Average Ratio of Total Nitrogen to Albuminoid Nitrogen =about 
7 : 1.—Extreme averages, 5°6 : 1 and 8:2 : 1. 


(3) Average Ratio of Total Organic Nitrogen to Albuminoid Nitrogen = 
about 2 : 1.—Extreme averages, 1°77 : 1 and 3:1: 1. 


(4) Average Ratio of “Oxygen absorbed” from permanganate in 4 
hours at 26'7° C. (80° F.) to Totai Organic Niirogen.—In the domestic 
sewages this varied between about 4: 1 and 5°6 : 1. 


(5) Average Ratio of “ Oxygen absorbed” in 4 hours to Albuminoid 
Mirogen. -In the domestic sewages this was about (10 — 12) : 1. 


(6) Average Ratio of Centrifuge* Solids to Suspended Solids determined 
gravimetrically.—Excluding Aldershot Camp, where the solids were 
heavier, and the average ratio 1: 4-7, the average figures for Rugby 
Leicester, Beddington, Cambridge and South Norwood were remarkably 
constant, only varying between 5:8 : 1 and 6°6 : 1. 


(7) Average Ratio of Suspended Solids to the “ Cellulose” + they contained— 
Again excluding Aldershot Camp, with a high average, the average ratios 
in the case of Nottingham, Rugby, Leicester and Cambridge only varied 
between 5°6 : 1 and 66:1. That is to say, about one-sixth by weight of 
the suspended solids in the sewages consisted of “ cellulose.” 


(8) Relation between Chlorine and Ammoniacal Nitrogen.—A study of 
the curves of the sets of hourly sewage samples shows that im the 
domestic sewages the chlorine curve follows that for ammoniacal 
nitrogen very evenly, but that there is no relation between it and the 
‘oxygen absorbed” curve. In an average set of hourly samples of a 
domestic sewage, therefore, the amount of chlorine might be taken as 
a rough guide to the ammoniacal strength of the sewage, but in chance 
samples it might not infrequently be misleading. 3 


(B) Finat AnD GENERAL EFFLUENTS. 


— 


(1) Total Natrogen.—lf we leave out of account the effluents from the 
strong sewage at Aldershot Camp, which contained an average of 6:0 





* Strictly speaking, it is illogical to contrast a figure expressing volume with one expressing weight. 
t Cf. Report on Methods of Chemical Analysis (Part V.). 
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parts of Total Nitrogen per 100,000, it is rather remarkable that the average 
Jigures for this in the seven other farms only varied within the comparatively 
narrow limits of 2°09 and 2°53. 


(2) Ratio of Total Nitrogen to (a) Total Organic and (b) Albuminoid 
Nitrogen.—There is no necessary relation between the curves for 
Total Nitrogen on the one hand, and those for Total Organic and 
Albuminoid Nitrogen on the other, seeing that the degree of oxidation 
of the different farm effluents varied considerably. 


(3) Average Ratio of Total Organic Nitrogen to Albuminoid Nitrogen.— 
In the case of Cambridge, Altrincham, Beddington and Leicester, the 
average Albuminoid Nitrogen in the effluents constituted almost exactly 
half of the average Total Organic Nitrogen, 7.¢., the above ratio was 2: 1. 
In the case of the other farms the data are insufficient. 


(4) Average Ratio of ‘ Oxygen absorbed” from permanganate in 4 
hours at 26°7° C. (80° F.) to Albuminoid Nitrogen—If there had been any- 
thing like a constant ratio here, it would have been of special interest, 
because of those two tests being so frequently relied upon for determining 
the quality of an effluent. But although the average ratio for the eight 
farms works out to about 11:1, and the extreme averages 7:1 and 
14:1, the individual ratios in the case of Nottingham, Altrincham, 
Aldershot Camp and Leicester are very uneven; in the case of South 
Norwood, Cambridge, Rugby and Beddington they are fairly even within 
rather wide limits. In no instance, however, could the one test have 
been taken as a substitute for the other. Speaking generally, the better 
effluents have the lower ratios, though this is not by any means always 
the case. (Cf. Part IT., Conclusions to Chemical Report). 


(5) *‘ Safety” Ratio of Oxidised to Albuminoid Nitrogen.—By this is 
meant the minimum ratio of (nitric + nitrous) nitrogen to albuminoid 
nitrogen in an effluent which will prevent that effluent from becoming 
putrescent upon incubation. In the case of one or two of the Cambridge 
effluents, this ratio appeared to be a rather high one, while in the 
effluents from Aldershot Camp, Altrincham, Beddington, Rugby and 
Leicester, it varied between 4:1 and 15:1. Probably a ratio of 3:1 
or 4:1 would be sufficient to cover all fairly purified land effluents. 


Smell of Egiuents.—Attention should be paid to the smell of an effluent 
when it is drawn, for it may in certain cases smell of sewage and yet 
contain a sufficient reserve of nitrate to keep it sweet upon incubation. 
Still such an effluent would take up dissolved oxygen from surrounding 
water somewhat rapidly, and hence it cannot be considered as properly 
purified. 
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Brook AND RiIvER WATERS, 


In the General Bacteriological Conclusions (Section VL), arguments have 
been brought forward to show that ns brook or river into which an effluent 
from a sewage farm flows should be used as a source for drinking water. In 
what follows, “ther efore, the streams are regarded from the point of view of non- 
drinking waters. 

Fifty-four samples in all of brook or ‘river water from the various farms, 
drawn either above the effluent outfall or below it, were examined, some of 
them in duplicate after being kept for a time : this i is, of course, not a large 
number from which to deduce general conclusions, and any remarks made 
with regard to the brooks or rivers must therefore be read subject to this 
proviso. The details of the analyses are to be found in the separate Farm 
Reports of Part II., and the results are summarized a eo more fully than 
here in the Conclusions to the Chemical Report. 


1. Aldershot Camp Farm; River Blackwater. Normal ratio of farm effluent 
to river water, 1: 6. 


This small river was not in a satisfactory state at the times when our 
observations were made, more especially during summer, but this was due to 
polluting matter entering it above the farm. The Aldershot Camp Farm 
effluent from the old land must have exercised an oxidising effect on 
the organic matter already present in the water. At the same time attention 
should again be called to the rather considerable bulk of fine flocculent weed 
(from the drain pipes) which is carried into the stream along with the effluent 
and also to the high manurial value of the effluent itself. Not only is there 
a great loss of nitrate and other manurial constituents here, but the effluent 
must tend to choke the stream indirectly by encouraging vegetable growth 
in it. 


2. Altrincham Farm; Sinderland Brook. Normal ratio of effluent to brook 
water, 1 : 3. 


Like the Blackwater, the Sinderland Brook was polluted before it reached 
the Altrincham Farm (speaking generally, the farm etfluent must have had 
an oxidizing effect upon it), and was not in a satisfactory state at the time 
when our observations were made. 


3. Cambridge; River Cam. Normal ratio of effluent to river water, 1:15. 


At Cambridge the river was in a fair condition in January and February, 
1901. Of course the comparatively large volume of river water here 
minimises any effect that the effluent may exert upon it. 


4. Croydon (Beddington) ; River Wandle. Normal ratio of effluent to river 
water, 1:8; ratio at first time of sampling, 1 :12. 


Judged by a non-drinking water standard, little or no fault was, on the 
whole, to be found with the water of the River Wandle in February and 
October, 1900, though the samples examined were not altogether free from 
flocculent matter. Here, again, we have a comparatively large volume of 
river water as compared with that of effluent. | 


5. Leicester; the Anstey Brook. Ratio of effluent to brook water at time of 
sampling 1: 1. 


The volume of water in this small brook is sometimes less than that 
of the combined effluents from the farm in summer, but the flow is 
fairly rapid ; in the Engineering Report reference is made to the green growths 
in the stream. The samples tested varied somewhat, as was to be expected 
with such a smal flow of water, and they contained appreciable amounts of 
suspended solids, no doubt from the effluent drain pipes; but, taking the 
existing cir cumstances of small dilution into account, the condition of the 
brook might be regarded as fairly satisfactory from a chemical poirt of view. 
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6. Nottingham; the Trent. Ratio of farm effluent to river water, say 
1: 160; the variations in volume are great, but the minimum ratio is about 
160: aieell 


In the months of July and August, 1900, the water of the Trent was 
not at all of high quality, though there was nothing offensive about it; it 
contained for a river water a large proportion of oxidizable matter, and 
usually a considerable quantity of solids in suspension. The volume of 
effluent as compared with that of the river water is very small, but, so far as 
it goes, the effluent must exercise an. oxidizing effect on the water of the 
river, which—as stated in the Engineering Report—receives the sewage from 
most of the populous villages on its banks. 


7. Rugby: the Avon. Normal ratio of farm effluent to river water, 
1:20; ratio at second time of sampling, 1: 30. 


The water of this river was, on the whole, in fair condition chemically, 
at the time of our observations, but in summer the large amount of oxidizable 
matter in one of the samples drawn above the effluent outfall showed that 
there was at the time some polluting liquid—not from the high level farm 
—entering the river. The volume of river water to effluent is again rather 
large here. 


8. South Norwood; the Chaffinch Beck. Ratio of effluent to brook water 
at second time of sampling, 3: 1. 


Even in winter the volume of this little stream often does not exceed 
that of the farm effluent, while the Engineering Report states thatin dry 
seasons very little effluent leaves the farm at all, owing to evaporation. It 
is further noted in that report that the beck evidently receives a certain 
amount of pollution from surface water drains which join the effluent ditch 
before the effluent itself flows into the brook. The samples of water 
examined contained very appreciable amounts of brownish flocculent matter 
in suspension and showed too much oxidizable matter generally. There was 
no question of nuisance arising, and three out of the four samples were well 
aerated when analysed, but the relatively high figures for “oxygen absorbed” 
from permanganate showed that, from one cause or another, this little 
brook—judged from a brook-water standard—was not in a very satisfactory 
condition at the time our few observations were made. 


9. Worsley; the Parrin Brook. 


This brook, which is of small volume, was in a very unsatisfaetory state 
when our samples were drawn and examined. It is however noted in the 
Engineering Report that the contamination of the water arose not merely 
from the effluent of the Worsley Farm, but also from that of another sewage 
farm higher up the stream. 


Conclusion. 


It will thus be seen that the rivers or brooks at about half of the farms 
were not in a satisfactory condition, but that in nearly every one of those 
cases the material pollution took place above the farm effluent outfalls, 
2.¢., the streams were polluted before they arrived at the farms. Leaving 
out the contingency of having a sewage farm on peat or other wholly unsuit- 
able land, assuming always that the water is not to be used for drinking or 
domestic purposes, and speaking in general terms, there seems no reason why 
the purity of a brook or river should be so affected by the discharge of an 
effluent from a well-managed sewage farm as either to give rise to any 
nuisance, or, so far as can be judged in the present state of our knowledge, 
to injure fish life. 





60 


SuBsoIL WATERS. 


Fifteen samples of subsoil, well and spring waters, drawn from unsewaged 
land, either on some of the sewage farms cr close to them, were examined, 
a few of these samples being from the same sources but drawn at different 
times. The details of the analyses are given in the separate Farm Reports 
and Tables of Part II., and they are summarized pretty fully in the 
Conclusions to the Chemical Report. A few words may, however, be devoted 
to them here :— 

The samples drawn at the Leicester and Cambridge farms were pure 
organically ; the Aldershot Camp well-water contained a very considerable 
amount of organic matter, apparently of vegetable origin; the Rugby well- 
water, drawn froma well situated within 40 feet of sewaged land, showed 
that while from its composition the water was in all probability derived from 
the sewage of the farm, it had undergone in its passage through the soil a 
most efficient filtration and purification, chemically speaking ; the Altrincham 
‘subsoil water could only be classed as a moderately good effluent ; the Luton 
well-water showed evidence of pollution, but this was probably due to feecal 
matter dug in as manure close to the well; the Luton spring water was 
good chemically, though there are one or two points about it which require 
further investigation ; lastly, two of the three samples of water drawn from 
the unsewaged peat land on the Worsley Farm were evidently free from 
SN contamination (they showed the usual characteristics of peaty 
water). 

With so few samples, taken under such diverse conditions, it would be 
unwise to attempt any generalization other than that the results show that 
very great care is necessary with respect to drinking water supplies drawn 
- anywhere in the neighhourhood of sewage farms. 


STORM- W ATERS. 


Only one sample of storm-water from a farm was examined, viz., No. 68, 
drawn at Altrincham after the overflow had been working for an hour and 
a-half. This was a dilute sewage, and putrid when received, though contain- 
ing only a small quantity of black deposit. 

During the past year, however, we have been enabled by the courtesy 
of Mr. Tatton, of the Mersey and Irwell Joint Committee, to examine about 
thirty samples of storm-water from Macclesfield, Rochdale and Stockport. 
So far, nearly all of these have been drawn on the ascending curve of the 
storm, the dilutions ranging between three and seven times the dry weather 
flow,—in the majority of cases three to four times. In quality those storm- 
waters might be classed as varying between exceptionally strong and very 
weak sewages, nearly half of them being weak, and the remainder medium 
to strong. A few of them contained extraordinary amounts of suspended 
solids (up to 366 parts per 100,000), others only small quantities. When 
the samples came to be analysed, about two-thirds of them were more or less 
inoffensive as regards smell, the remaining third having a sewage odour. 
Fully half of them were subjected to the incubator test, with the result that 
they became putrid ; and, no doubt all the others would have done the same. 
In comparing sets of samples drawn on the same day, at intervals during the 
storm, it was seen that the liquid might continue to be bad during a flow of 
two or three hours ; this is, of course, a point of great importance. 

The investigation is proceeding, but the results already obtained are 
sufficient to emphasize the necessity for settling and treating storm-waters 
up to the limit of dilution that a sewerage system may reasonably be asked 
to provide for (cf Section [X.—General Conclusions). 


SURFACE STREET W ASHINGS. 


x 
Seven samples were examined. viz., Nos. 174, 179, 182 and 1874, from 
South Norwood; No. 231, from Rugby; and Nos. 311 and 314, from 
Aldershot Camp. The detailed analyses of these are given in the Tables 
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appended to the respective Farm Reports (Part II.), and the results are 
summarized in the Conclusions of the Chemical Report. Three of the 
samples contained so little organic matter that they withstood the incubator 
test, but the others did not ; of those four others, two might be classed as 
dilute sewages, the remaining two being weaker. Although the above 
samples were few in number, they show at all events ;— 


1. That even when a street water is comparatively pure organically, it 
requires settlement for grit (Nos. 174 and 231). 


2. That even after long-continued rain, street surface waters may be 
very impure (Nos. 182, 311 and 314). | 
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CHEMICAL STANDARDS OF PuRITY FOR SEWAGE EFFLUENTS. 


The question of what considerations should weigh most in recommend- 
ing a working chemical standard of purity for sewage efiluents is a very 
difficult one. 

The standard of purity for effluents recommended by the Rivers 
Pollution Commission for 1868 has already been given (Section III.). So 
far as regards matter in suspension and organic matter in solution it is :— 

(a) The liquid shall not contain, as solids in suspension, more than 3 
parts by weight of dry mineral matter, or more than 1 part by weight of dry 
organic matter in 100,000 parts of effluent. 

(b) It shall not contain 7 solution more than 2 parts by weight of 
organic carbon or more than ‘3 part by weight of organic nitrugen per 
100,000.* 

The Mersey and Irwell River Board provisional standard (converted 
into terms of nitrogen and into parts per 100,000) is:— 

‘12 part albuminoid nitrogen per 100,000*, and 1:43 parts “oxygen 
absorbed” from permanganate in 4 hours at 60° F. (15°6° C.). At the same 
time this Board also takes into account the rate at which an effluent takes 
up dissolved oxygen and nitrate from water. 

Dr. Barwise, of the Derbyshire County Council, recommends the 


following :— 
Parts per 100,000. 


Total suspended matter - : - - less than 3°0 

‘“‘Oxygen absorbed” at 80° F. in 4 hours - - - - - 15 

Albuminoid ammonia : - - - - - - - 0-15 
(Equal to albuminoid nitrogen 0°12) 

Nitrogen as nitrates - - - - - - at least 0:25 


This last approximates to the Mersey and Irwell standard (excepting 
that the “oxygen absorbed” test is done at 80° F. instead of 60° F.), but 
with the addition of a small quantity of nitrate as a safeguarding factor. 

Mr. Dibdin has always accepted the standards laid down by the Mersey 
and Irwell Joint Committee, which he considers very fair working standards. 
(He determines “oxygen absorbed,” however, at a temperature of 80° F. 
instead of 60° F. and uses a strong permanganate solution). But, in 
addition, he feels very strongly that the maintenance of the dissolved 
oxygen, on keeping, at a point above 50 per cent. of the total possible, 
is one of the most important considerations, as it shows the capability 
of the effluent to support fish life. 

Dr. Rideal judges the quality of an effluent to a large extent from the 
ratio of oxidized to unoxidized nitrogen in it. At the same time he takes 
into account the ratio of chlorine to total nitrogen, as giving a good approxi- 
mation to the original amount of animal matter present in the crude sewage. 

Dr. Adeney is opposed to any hard-and-fast standard, being of opinion 
that standards should vary according to local circumstances, as otherwise 
small and poor communities might be very hardly dealt with. (Report of 
the present Sewage Commission, 1898, Vel. II., Ques. 2421-2426.) 

The West Riding Rivers Board has not published any standard, but 
we understand from Dr. Wilson that it relies mainly upon the “oxygen 
absorbed” test at 80° F., andat the same time allows for the presence of 
nitrate in an effluent. 

The Thames Conservancy has likewise not published any standard. 

The Ribble Joint Committee has not officially fixed upon any standard, 
but uses provisionally the following figures as a rough working classifi- 
cation :—~ 


Albuminoid ammonia, if under 0:1 part per 100,000 - Effluent good. | 
" AA 0°15 to 0:2 - - - - - Unsatisfactory. 
over 02 - - - - - Bad. 


oP) 9) 
Without quoting further opinions, it is thus evident that the views upon 
standards held by acknowledged authorities on the subject of sewage 
purification differ considerably from one another. 
* Note.—It will be seen that, as regards organic nitrogen, these two standards are pretty 
much the same. In the final effluents examined for the Commission from the Cambridge, 
Altrincham, Beddington and Leicester farms, the albuminoid nitrogen constitued on the average 


almost exactly one-half of the total organic nitregen (the data for this ratio in the case of the 
other farms are insufficient). 
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We do not propose at present to touch upon the question whether or 
not the chemical standard of purity for an effluent might be allowed to vary 
within certain limits, according to the volume of the stream into which the 
effluent flows, but merely to consider upon what principles a standard 
might reasonably be based, supposing the Commission were ultimately 
inclined to recommend one. 

A. standard may be either (1) one of the non-putrescibility of an effluent, 
without any regard to the rate at which that effluent takes up oxygen ; or 
it may be (2) one of non-putrescibility, having regard also to the rate at 
which oxygen is taken up. It is of course obvious that the second must be 
the higher standard of the two. In both cases it is assumed that suspended 
solids are either absent or at all events are not present in larger quantity 
than allowed for by the Rivers Pollution Commission. 


(1) An effluent may show itself to be non-putrescent under the incubator 
test, and may be either a good or an indifferent effluent (though the 
probabilities are in favour of its being good), that is to say, it may be a 
sample which is already so fully oxidised as not readily to take up 
oxygen from the water of a stream ; or, on the other hand, it may be only 
partially oxidised, and therefore prone to take up oxygen from surrounding 
water, but at the same time be kept from being offensively putrescent by 
the presence of excess of nitrate* (c/ Section upon “ Artificial Storm 
Waters” in the Chemical Report). While the incubator or non-putrescibility 
test is therefore a most valuable one when taken in conjunction with others, 
it cannot be recommended alone as a basis for a standard. It is not 
impossible, also, that an effluent only partially purified, but still containing 
sufficient nitrate to enable it to withstand the incubator test, might tend to 
deposit colloidal matter which—separated from the nitrate in solution— night 
be putrescible. Another and not unimportant point to bear in mind is that 
the incubator test requires several days for completion ; and, moreover, the 
time limit and the temperature used for this test are quite arbitrary. 


(2) Suppose we take the hypothetical case of two sewages of the same 
nature, containing in equal volumes amounts of organic matter expressed by 
the figures 10 and 5 respectively, then 50 volumes of the first (A) will 
contain as much organic matter as 100 volumes of the second(B). Hence, if 
they are both to be purified down to the same absolute standard, it is clear 
that—volume for volume—twice as much purification will require to be 
done upon A as upon B. Again, the two effluents (A), and (B),, although 
they give identical percentage figures for, say, albuminoid nitrogen, are not 
really equally pure, the effluent from the stronger sewage (A) being as a 
matter of fact better than the efiluent from ‘the weaker one (B); for we 
think it is a point of universal experience that the more the organic 
matter of an effluent is reduced, the less rapidly fermentable does that 
residual organic matter become, or, to put this last statement numerically, 
iftwo effluents from the same sewage yield albuminoid nitrogen in the 
proportions of 0-2 and 0:1 parts per 100,000, the first effluent will be move 
than twice as fermentable as the second, z¢., it will have more than twice 
the tendency to take up oxygen.t Anymore or less “absolute ” standard like 
the provisional one of the Mersey and Irwell Board, therefore, must 
necessarily press more hardly upon places which have to deal with strong 
sewages than upon those which treat weak ones. 

* Note.—There appears to exist doubt in some minds as to whether an effluent, when left to 
itself, exhausts its dissolved oxygen before beginning to use up its nitrate, or whether both are 
utilized simultaneously. But we think that the various results bearing upon this point which we 
have obtained (and which are to be found in the various Chemical Tables of Analyses) are in 
accordance with the earlier observations of Adeney (‘‘ Recent Advances in the Bacterio-Chemical 
Study of Sewage and other Polluted Waters” ; Engineering, 1896), which were based on the work 
of Munro (Journ. Chem. Soc., Vol. 49, p, 651,) and of Gayon and Dupetit (Station Agronomique de 
Bordeauz, 1886, or Journ. Chem. Soc., Vol. 50, Abs. p. 823), and strengthen the conclusion 
that, in accordance with chemical theory, the oxygen is consumed before the nitrate is 
touched, provided that the liquid is free from suspended organic matter. Should the latter be 
present, the upper layers of liquid might still conceivably contain some free oxygen, while the 
nitrate in solution in the lower layers was being attacked by adjacent organic matter in 
suspension. 

+ Note.—The experiments upon “ Artificial Storm Waters” (See Part I1., Chemical Report) 
furnish an extreme case of this. They show that dilution of 4 sewage with tap water down to 
the Mersey and Irwell effluent standard gives a mixture which putresces upon incubation. Even 
when the dilution is carried twice as far, 7.¢., down to half the Mersey and Irwell standard, the 
mixture will still in all probability be putrescible under those conditions. 
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It might be argued, in reply to the last sentence, that the area of 
irrigable land on a sewage farm should be proportionate not merely to the 
volume but also to the organic strength of the sewage which it has to treat (a 
subject which we have ourselves discussed ; ¢/. Section I. ; Sub-section XI.) ; 
but this only partially meets the point, and, in its turn, it raises the 
question—whether is it easier to purify 50 volumes of a stronger sewage (A) 
or 100 volumes of a weaker sewage (B) on a given area, the aggregate 
organic matter in both sewages being equal? But with respect to this last 
query we have no comparative data for an answer. 

To return to the hypothetical sewages (A) and (B), containing respec- 
tively 10 and 5 parts of organic matter :—If these are purified to the same 
proportionate extent, then the effluents (A), and (B), will contain, say, °2 and 
‘1 parts of albuminoid nitrogen per 100,000, @¢., they will be altogether 
different if judged by an “absolute” standard, but, as regards the rate at 
which they will take up dissolved oxygen, they will probably approximate 
to one another. 

It seems, therefore, reasonable to suggest that, if any chemical standard 
of purity is to be ultimately proposed by the Commission, it should be one 
depending, at all events partially, upon the rate at which oxygen is taken 
up, all the more since the diminution of the dissolved oxygen in brook and 
river waters by effluents is one of the main things which we have actually 
to guard against. This basis is ascientific one and, further, it is one which 
follows on the lines of some of the most valuable work that has been done upon 
sewage, ¢.g., that of the late Sir E. Frankland,* of Dr. Dupre* and of 
Dr. W. E. Adeney* and others. The principle, too, has for a good while 
past been practically recognised by men like Messrs. Scudder, Dibdin and 
Fowler, who carry out “aeration” tests upon this line. For a recent paper 
on the subject, see also Dr. Rideal, The Analyst, Vol. 26. p. 197. 

The main objection to a standard depending, in part at least, on the 
rate of absorption of dissolved oxygen, is that we cannot imitate in the 
laboratory the ever-changing conditions of a natural stream, and that 
therefore any dissolved oxygen absorption test that might be recommended 
for adoption must be an arbitrary one. The whole subject, however, is one 
with regard to which it would be advisable to collect the views of those 
workers who have given special attention to the point. There are no doubt 
already a considerable number of existing records showing the rate of 
absorption of dissolved oxygen, under definite conditions, by effluents of 
known chemical composition (in the Mersey and Irwell Laboratory, for 
example, Mr. Scudder has had the “ dilution” method of this aeration test 
in use for a long time); and further records of the kind are being made 
now for the Commission. 

One of the chief difficulties in connection with this is, should the rate of - 
absorption of dissolved oxygen be tested at an uniform temperature all the 
year round, say, at about 18° C. or 65° F. (which would practically cover 
the summer temperature of effluents; cf, Section IV.), or should it be 
determined at the atmospheric temperature of the day? There is a good 
deal to be argued in favour of either alternative, e.g. :— 

* Nore.—In the First Report of the Rivers Pollution Commission, Vol. I., p. 20, the following 
passage occurs :—- 

“The oxidation ef the organic matter in water is effected chiefly, if not exclusively, by the 
‘atmospheric oxygen dissolved in the water ; such dissolved oxygen being well known to be, 
‘“‘chemically, much more active than the gaseous oxygen of the air. If, therefore, water 
“contaminated with organic matter be perfectly excluded from the air in a carefully-stoppered 
“bottle, the gradual diminution in the amount of dissolved oxygen indicates exactly the progress 
‘Cin the oxidation of the organic matter.” 

In the Supplement to the Report of the Local Government Board for 1884-5 there is a paper by 
Dr. Dupré on “ Changes in Aeration of Water, as indicating the nature of the impurities present in it,” 
in which he shows, among other things, that the amount of dissolved oxygen taken up by natural 
waters, in which bacteria are active, is very much greater than the amount of oxygen which the 
same waters take up from a solution of permanganate. In other words, one cannot necessarily 
infer, from the rate of absorption of oxygen from permanganate by an effluent, what the rate of 
absorption of dissolyed oxygen from brook water by the same effluent would be. 

Lastly, in the Transactions of the Royal Dublin Society V. (Series If.), 1895, Dr. Adeney 
writes : — f 

“I therefore propose, in this communication, to deal with such experiments as bear directly 
‘on the question with which I started this investigation, viz., whether the ameunt of dissolved 
“oxygen consumed during the complete fermentation of a polluted water might not be regarded, for the 
“purpose of water analysis, as a quantitative index to the amount of fermentable substances originally 
“nresent in tt, provided that during the process care is taken to have the oxygen in excess in the water.” 
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(1) Yest made at uniform temperature. 


(a) The standard would in this case remain nearly, though not quite 
actually, the same throughout the year, taking no account of the temperature 
at which an effluent was purified (¢.g., over land), of its state of dilution or 
concentration as varying with that temperature, or of the temperature of 
the stream into which it was discharged ; in other words, to put the matter 
broadly, the comparatively dilute effluent obtained from an irrigation farm 
in cold frosty weather would be judged by the same standard as the com- 
paratively concentrated effluent got from the same farm in warm weather. 


(6) On the other hand, the test would not be quite so easy to carry out 
and, unless there was a laboratory at the sewage farm or works, it could not 
be applied to an effluent until the latter had reached the laboratory where 
it was to be tested, which, as a rule, would be on the succeeding morning. 
Since the bacteria which are active with regard to the absorption of 
dissolved oxygen are probably most active within the first 24 hours 
after the effluent is discharged, this delay might be considered a draw- 
back. 


(2) Test made at the atmospheric or laboratory temperature of the day. 


(a) In this case the stringency of the standard would vary with the 
season of the year, being, of course, greater in warm weather ; some people 
might consider this a recommendation, seeing that nuisance from a bad 
smell arises much more easily in summer than in winter. 


(>) But the test would be simpler of execution than in the case of (1), 
and it could, moreover, be put in force the moment a sample was drawn. 
Thus, a small sample might be aerated by thorough shaking in a large, 
nearly empty bottle, and the residual oxygen determined 24 hours later, 
either at the farm or sewage works, or at the laboratory to which the sample 
was despatched. Or, if more convenient, the dissolved oxygen might be 
added, as Mr. Scudder does it, 2.¢, in the form of tap water, though this 
would rather lengthen the time required for the test. 


Without making any definite or final statement on the subject at present, 
we think it would probably be found that any effluent which did not within 
the 24 hours after drawing take up more than about 3 to 4¢.c. of oxygen per 
litre (when kept in a full bottle at, say, 18°C. or 65° F.), would be found to 
be chemically satisfactory. The test might have to be taken in conjunction 
with the permanganate ‘“‘oxygen absorbed” test, to provide against the 
(unlikely) contingency of an effluent being a sterilized one; and in the 
present state of our knowledge, it might also be advisable to safeguard it 
further as regards a maximum of nitrogenous organic matter to be allowed in 
any effluent at any time (measured, say, by the albuminoid nitrogen), though 
this additional precaution might in the end be found unnecessary. 

We think there can be no doubt that, ifit could be satisfactorily and easily 
worked out in practice, a standard based upon the above principles would 
deal equably between effluents from strong and weak sewages, not favouring 
the one at the expense of the other. 
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SECTION VI. 


SUMMARY OF THE BACTERIOLOGICAL RESULTS AND CONCLUSIONS. 


1. Can the treatment of sewage on land so modify the biological qualities of 
sewage as safely to admit of the discharge of the effluents into drinking water 
streams ? 


Excluding Nottingham, the effluents usually contained 100 to 1,000 :B. 
coli or coli-like microbes and 1 to 10 spores of B. enteritidis sporogenes 
pere.c. Dilution of such effluents ten or one hundred times even with sterile 
water would leave the mixed liquid potentially dangerous to health. As a 
matter of fact, however, the river water above the respective effluent outfalls 
was always so impure per se as to be quite unfit for domestic use. It is 
admitted that (1) extreme dilution of a sewage effluent with a pure river 
water, (2) long distance of flow of the river between the effluent outfall and 
the intake of the nearest waterworks company, and (3) subsequent efficient 
sand filtration at the waterworks, are all modifying factors which, taken 
singly, much more in conjunction, confer a relative, it may be even a reason- 
able, degree of safety. But it were wise to judge effluents about to be 
discharged into drinking water streams on their merits, and unfettered by 
attention to necessarily variable factors of which the influence cannot readily 
be weighed or measured. This being so, the conclusion seems to be that, 
with the apparent rather than real exception of Nottingham* the effluents 
from land processes of sewage treatment are not in a fit state to be dis- 
charged into drinking water streams. 


2. What are the biological qualities of the soul on sewage farms *F 


The soils of sewage farms and, in general, sewage-polluted soils contain 
streptococci, B. coli and B. enteritidis sporogenes in great abundance. These 
objectionable microbes are absent, or relatively absent from virgin soils. In 
cultivated soils, much naturally depends on the nature of the treatment or 
the kind of “dressing ” which has been applied to the soil and the time which 
has elapsed since the soil was last “treated.” The spores of B. enteritidis 
sporogenes tend to remain for a long period as evidence of past pollution, 
but B. coli and more particularly streptococci (some strains, at all events), 
when present in any number, point to contamination of recent and therefore 
specially objectionable kind. 

According to whether the manuring is recent or remote, the nature 
of the fertilising “treatment ” and the amount ot dressing applied to the soil, 
the bacteriological results will be found to vary. But cultivated soils, in 
comparison with virgin soils at all events, are apt to be rich in microbes of all 
sorts, and rich also not infrequently in bacteria of excremental origin. 

But it must not be imagined that because microbes indubitably of 
intestinal outcome are present in great abundance in sewage-polluted soils, 
the bacteria characteristic of soil are necessarily in the struggle for 
existence crowded out by the sewage bacteria. Experience has shown that 
the soil microbes persist, and, if the supply of sewage microbes be 
discontinued, contend with and gradually oust such of the non-sporing 
bacteria of excremental origin as may be judged to be of adventitious sort. 








* The case of Nottingham is fully dealt with in Part III. (Bacteriological Report). 


+ In dealing with the subjects under the headings 2, 3, and 4, reports to the Local Government 
Board by one of us have been largely drawn upon. 
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3. What is the ultimate fate of sewage microbes sown broadcast on soil ? 


So complex a problem as the above cannot be readily solved, but it would 
seem to be the case that, given a cessation of application of sewage, 
the streptococci (other than those of peculiar sort) disappear (relatively if not 
actually) from the soil somewhat rapidly. Decline also in the number of B. 
coli is very apparent, although the persistence of certain strains of B. coli for 
weeks or even months is also indicated as the result of actual experiments. 
Many of these coli-like microbes are apt to give a feebly positive or even nega- 
tive response to tests, which brought to bear on the coli of recent intestinal 
outcome provoke a strongly positive result. The problem to be solved 
depends on whether these coli-like microbes constitute a race or class of their 
own, or are alvine micro-organisms which have lost some of their original 
attributes during their sojourn in the soil. 

The spores of B. enteritidis sporogenes usually persist for long periods. 
Such diminution in their number, as has been observed, may be due perhaps to 
the spores being washed into the deeper layers of soil, or to the gradual 
dissolution even of spores, or possibly to the spores passing into the 
vegetative phase of existence, and thus becoming more susceptible to the 
action of deleterious bactericidal influences of one and another sort. Dr. Lor- 
rain Smith favours the view that the infusoria may utilise the bacteria as food. 


4. Are the effluents from sewage farms rich in microbes peculiar to (in the sense 
of being specially abundant in) soil, or do they contain in preponderating 
number microbes of excremental origin 


As regards the last question, in various reports to the Local Government 
Board it has been shown by one of us that soil and the “‘ washings ” of soil are 
apt to be characterised bacteriologically by the presence of enormous numbers 
(both actually and relatively) of the spores of bacteria and by the presence, 
usually in great abundance, among other soil bacteria of B. mycoides, of the 
granular bacillus of soil, and of the Bismarck brown cladothria of soil. <A 
careful and prolonged comparison of these previously-ascertained results with 
the results of the examination of the effluents from the sewage farms affords 
convincing evidence that the effluents from land processes of sewage treat- 
ment are not only characteristic of the bacterial flora of sewage, but are 
relatively free from soil microbes. ~ 

Occasionally, B. mycoides was met with in the cultivations from effluents, 
but so rarely as to be hardly worthy of mention. At the same time, it is to 
be noted that the term ‘‘relatively free” not ‘“‘ actually free” has been used, 
because it might well be the case that in the high dilutions used and 
necessary for working purposes the soil microbes might be absent and yet be_ 
present sometimes. in the lower dilutions. 


5. Can the treatment of sewage on land so alter the qualities of sewage as to 
admit of the discharge of the effiuents into non-drinking water streams ? 


In the first place, it is to be noted that, of the eight sewage farms kept 
under special observation, none, with the sole and striking exception of 
Nottingham, yielded effluents of an entirely satisfactory character.* 

In illustration of this, it may be pointed out that the average number ot 
bacteria (agar at 37°C.) per c.c. in the final effluents derived from Aldershot 
Camp, Altrincham, Cambridge, Beddington, Leicester, South Norwood and 
Rugby sewage farms was 37,308, 7,275, 78,327, 112,240, 70,500, 35,157, and 
81,526 respectively. . 

Nevertheless, the results were, in nearly all cases and in relation to all 
the tests employed, so far satisfactory as to give rise to the belief that land, 
although of not altogether suitable sort, can, if it is not greatly overworked, 
purify sewage to a reasonable extent. 

Secondly, although percentages are apt to be misleading, it may be 
stated that the percentage improvement in the effluents, as compared with 
the crude sewage, was in nearly all cases very striking. 





* The Altrincham effluents, however. were in many respects very good. 
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Thus, as regards Aldershot Camp, Altrincham, Cambridge, Beddington, 
Leicester, South Norwood, and Rugby sewage farms, the percentage improve- 
ment, as judged by the reduction in the number of bacteria (agar at 37° C.), 
was 99, 99, 95, 97, 95, 99 and 97 respectively. 

Thirdly, it may be pointed out that a significant feature of the analyses 
was the unequal character of the effluents. In considering the subject from 
the point of view of possible danger to health and in relation to the discharge 
of effluents into drinking water streams, stress should perhaps be laid on the 
grossly impure character of a proportion of the effluents. In the present 
connection (non-drinking water streams), attention must be directed to the 
fact that many of the effluents were not only satisfactory but, considering 
their origin, remarkably pure. ‘Thus, the number of microbes (agar at 37°C.) 
per c.c. in the best (on the basis of this test) effluent derived from Aldershot 
Camp, Altrincham, Cambridge, Beddington, Leicester, South Norwood and 
Rugby sewage farms was 196, 930, 1,080, 900, 300, 980, and 900 respectively. 

Lastly, a brief summary of the chief results obtained from the bacterio- 
logical examination of the effluents derived from the above seven sewage 
farms may here with advantage be inserted (sce next page). 
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It must be remembered that averages are sometimes misleading and 
that a few really bad eftluents may so alter the average figures as to make 
the majority of effluents from a sewage farm appear worse than was 
actually the case. The above summary should be read in relation to the detailed 
statements made in Sections I. to VIIL, Part III. (Bacteriological Report). 

From the foregoing summary, it is evident that if the effluents did not 
on the average pass the standards§ set up for the various tests, they all 
showed a high percentage degree of purification. In most cases, the farms 
were treating too much sewage per acre either actually or relatively to the 
character of the soil. Given a fair proportion between (1) the volume and 
character of the sewage to be “ treated,” and (2) the effective purifying area 
of the farm and the suitability of the soil for purification purposes, there can be 
little doubt that the effluents which could be produced from land would easily 
pass the suggested standards. If the standards were made ten times more 
lenient, a concession not perhaps unduly great from the bacteriological point of view 
m connection with non-drinking water streams, all the effluents would then 
pass the modified standards with the exception of those from Beddington 
(with regard to the total number of microbes present). In future, it will be 
convenient to refer to this modified conception of the original (‘ primary ”) 
standards as “secondary” standards. Nevertheless, when it is remembered 
how easily the best effluents from each sewage farm ‘“ passed” the primary 
standards ; how near, comparatively speaking, the average effluents were to 
“passing”; and how large was the volume of sewage being treated (either 
actually or relatively to the suitability of the soil for sewage purification 
purposes), it cannot well be contended that the standards provisionally 
suggested for working purposes are of a drastic and wholly impracticable 
nature. 

The question may be asked ‘Are filtration effluents immeasurably better 
from the bacteriological point of view than surface irrigation effluents ?” This 
is, for many reasons, a difficult question toanswer. Apart from the difference 
in the kind of treatment (filtration as compared with surface irrigation), 
other factors, the effect of which cannot readily be estimated, varied to a 
considerable extent. For example, the volume and character of the sewage 
being treated per acre ; the extent and nature of cropping operations; the 
drainage arrangements; the mode of treatment; the management of the 
farm ; the question of storm water; and other variable factors. 

There was certainly no comparison between the Nottingham sandy loam 
filtration effluents and the effluents from any of the other sewage farms that 
were examined. Excluding Nottingham, the filtration effluents from Alder- 
shot Camp (sand), Cambridge (sandy loam), and Altrincham (peaty and 
sandy soil) were not conspicuously better than those obtained from Bedding- 
ton (surface irrigation with some filtration ; gravelly loam), Leicester (surface 
irrigation and filtration combined; clayey soil), South Norwood (surface 
irrigation and a little filtration ; clayey soil), and Rugby (surface irrigation and 
filtration combined ; heavy loam). Cambridge, however, was treating at one 
time* a very large amount of sewage (121,600 gallons per acre per 
24 hours), and the character of the soil on Aldershot Camp and Altrincham 
sewage farms was not that best suited for treating large volumes of sewage 
by filtration methods. Onthe other hand, Beddington and Rugby farms also 
were treating at one time large volumes of sewage, 57,100 and 42,800 gallons 
per acre per 24 hours respectively. 

The variable factors above alluded to make it extremely difficult to 
compare land of different kinds. It would not for example be fair to compare 
the results obtained from Nottingham (light loam ; filtration), with those from 
Rugby (heavy loam; combined surface irrigation and filtration), since the 
latter was treating at one time nearly twice as much sewage as the former 











§ It must be definitely understood that these standards are merely provisional and are used 
for comparative purposes only. 

* It must be remembered that the volume of sewage treated per acre at one tume isa different 
thing from the volume of sewage treated per acre reckoned on the year’s working of the total 
irrigable area. The former figures are arrived at by dividing the dry weather flow of sewage by 
the average area at one time under irrigation (“working area”). The latter figures, by dividing 
the dry weather flow of sewage by the total irrigable area (‘working ” and “resting” areas). As the 
ratio between the ‘‘ working ” and “resting” areas varied considerably at the different sewage 
farms, this is a point of considerable importance. The two sets of figures are placed side by side 
for comparative purposes in the preceding table. 
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(Rugby, 42,800; Nottingham, 23,300 gallons per acre per 24 hours 
respectively). Conversely, the amount of sewage being treated at one time 
at Cambridge (filtration) was ten times greater than that treated at South 
Norwood (combined surface irrigation and filtration), the former being a 
sandy loam overlying gravel and sand, and the latter a modified clay 
resting on London clay (Cambridge, 121,600 ; South Norwood, 12,000 
gallons per acre per 24 hours respectively). The results were 
bacteriologically not widely dissimilar in the two cases, although the 
South Norwood effluents were on the whole the better, and so, as a 
conjecture, it may be said that sandy loam can “treat” much larger 
volumes of sewage than a clay soil. If we compare Leicester (stiff clay ; 
combined surface irrigation and filtration) with Nottingham (light loam ; 
filtration), both farms treating at one time per acre approximately equal 
amounts of sewage (21,500 and 23,500 gallons per acre per 24 hours 
respectively), we do indeed find that the bacteriological results differed to a 
conspicuous extent in the two cases, the latter yielding exceptionally good 
effluents, and the former effluents only moderately good. 

Further, Beddington (gravelly loam; combined surface irrigation and 
filtration), yielded on the whole worse results than Cambridge (sandy loam ; 
filtration), although treating at one time only half the amount of sewage 
(57,100 and 121,600 gallons per acre per 24 hours respectively). Here, 
however, the difference in the results is to be ascribed to the different 
methods of treatment (combined surface irrigation and filtration at 
Beddington ; filtration at Cambridge), rather than to the different nature of 
the soil in the two cases. | 

Perhaps the most useful lesson to be learnt from the results is that land 
even of unsuitable quality for sewage purification purposes, and used mainly 
as a surface irrigation farm, can yield moderately good effluents. 

The difference in (1), the character of the sewage; (2), the volume of 
sewage treated per acre; (3), the nature of the soil; and (4), the method of 
treatment employed at the different sewage farms no doubt accounts for the 
fact that, excluding Nottingham, the average bacteriological composition of 
the effluents from the different sewage farms was not widely dissimilar. 

The practical side of the question is dealt with in a separate Section. 


6. fs the treatment of sewage on land to be preferred to its treatment by 
artificial processes, as at present conducted, e.g., contact beds, continuous 
filters, etc. ? 

The artificial processes are still under investigation, and it is perhaps 
not desirable at present to express any definite opinion on this question. 

Artificial processes are still in the experimental stage, and for the 
most part they have been worked rather with a view to treating as large an 
amount of sewage as possible, compatible with producing a non-putrescible 
effluent, than with a view to producing an effluent of the greatest purity. 

Worked in the way which has been usually adopted, the effluents from 
these processes, as judged bacteriologicallv, are not equal to the effluent 
from land of average suitability. But there seems no reason to assume that 
these effluents might not be brought up to any reasonable standard required, 
possibly either by working the process at a much slower rate, or by subse- 
quently passing the effluent through some special filter, or by chemically 
treating it. 


7. What degree of biological modification does the sewage undergo as the 
result of tts treatment on land ? 


So far as the actual results are concerned, the effluents show no very 
appreciable biological modification, beyond a reduction in the number of 
bacteria which they contain. 

Tt must, however, be remembered that the media and _ particular 
processes employed in the investigation might fail to demonstrate biological 
modifications in cases where such modifications really existed. For 
example, the mere presence of oxidised nitrogen in an effluent is a practical 
proof of the multiplication of the nitroso- and nitro-bacteria. No doubt 
these are largely retained in the soil, but it is probable that their number in 
the effluent is re/atively greater than in the crude sewage. (See Conclusions, 
Part IIL, Bacteriological Report.) 
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8. The biological condition of the rivers or brooks into which effluents are 
being discharged. . 


This is a question which must needs have some bearing on the choice 
‘of standards. 

The effluents from Aldershot Camp, Altrincham, Cambridge, Beddington, 
(Croydon), Leicester, South Norwood, Nottingham, Rugby and Worsley 
sewage farms discharge into the River Blackwater, Sinderland Brook, 
River Cam, River Wandie, Anstey Brook (flowing into River Soar), 
Chaffinch Beck, River Trent, River Avon and Worsley (Parrin) Brook, 
respectively. 

All these rivers or streams were impure, many of them very impure 
above the effluent outfalls. The chief results are shown in the following 
table 
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Except in a few cases as regards individual tests, none of these samples 
would be rejected according to the proposed bacteriological standards for 
non-drinking water streams; but, of course, they would all be regarded as 
most impure biologically from the point of view of drinking water streams. 

As regards the biological quality of the samples of mixed effluent and 
river water, Part II. (Bacteriological Report) must be consulted. 


9. The biological quality of the subsoil water in the neighbourhood of sewage farms. 


As a good deal of subsoil water usually finds its way into the sewers 
and may also gain access to the under drains on the sewage farms, it was 


considered advisable to examine a few samples of subsoil water. 


following is a brief summary of the results :— 


The 























Total number of Number of 
bacteria per c.c. ! spores of B. 
Number of B. |enteritidis 
sha coli (or closely |sporogenes 
Pessnpuon of the sample. } allied forms) | (Klein’s “ Enteri- 
Gelatine | Agar at per c.c. tidis change ” in 
at 20°C. 37°C. milk culture) 
per c.c. 
Ba) 
- |60. Subsoil water. 2nd 720 38 None in 1 cc. | None in 10 ee. 
3 /April, 1900. Pump (Indol test, + 
3 / well near farm. 1 cc.) 
a 
i 
“3 (78.  Subsoil water. 1,200 253 None in 1 ce. +10, -1 ce. 
A 16th May, 1909. (Indol test, + 
ont 1 ec) 
< 
o 
2 | 219. Subsoil water. 4,300 230 | None in 1 ce. et tc. 
'E 30th January, 1901. (Indol test, +1, 
a / Taken from land | —'1 @.c.) 
rs drain in vicinity of 
farm. 
& [ 5. Subsoil water. 
3 eR el ean 1,820,000 | 89,000 | 100, less than | -10 cee 
‘o | farm; sewaged land i 
4 \ within 50 yards. 
/ 242, Well water. Well 40,000 410 At least 10 —10 ce. 
20 feet deep. 19th (Indol test, + 
fe March, 1901. 1h 64) 
§/ 244, As above. 27th 800 | 266 None in 1 cc. —10 ce. 
5 \ March, 1901. (Indol test, + 
a ine.cy) 
410. As above. 7th 52,000 2,090 1 not 10 (Indol -1 ee. 
November, 1902. test, — 1 ¢.c.) 
® \ 415. Shallow well 1,400 280 1 but less than —1 ce. 
= \ water. 13th Novem- 10 (Indol test, 
"Sg / ber 1901. Dr. Vivian +1-‘1 ec.) 
<j / Poore’s experiment. 





Remarks. 


“Gas” test, 
negative result, 
lc.c, [Apparently 
no chance of con- 
tamination from 
the farm. ] 



































gas ies 4, 
negative result, 
1c.c. [Land under 
irrigation about 
150 yards distant] 





“Gas” tea t, 
negative result, 
1c.c. [Apparently 
no chance of con- 
tamination from 
the farm. ] 


[Freshly dug 
well ; results im- 
conclusive. | 





[Below Luton 
farm ; liable to 
surrounding soil 
pollution from 
contents of tub 
closets used as 
manure. | 





Neutral red 
broth test, + 
‘1 e.c. [Surround- 
ing landmanured 
with excremental 





‘matters. | 





The results varied considerably, but, excluding the worst samples, were 
very good. The best samples were seemingly fit for drinking purposes on 
the basis of the results obtained, apart from a knowledge of their source. 
But in judging waters from the point of view of potability, a more elaborate 
method of analysis (Pasteur filter-brushing method) is necessary than was 
‘carried out in the present instance. 
Local Government Board on the chemical and biological characters of the 
Chichester well waters showed that shallow wells sunk in soil and subsoil, 
known to have been polluted and still liable to be contaminated, may some- 
times yield good results when examined by the ordinary chemical tests, and 
yet show on searching bacteriological examination unequivocal evidence of 
-excremental pollution. 


The results of two years’ work for the 
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10. The biological qualities of samples of (1) storm water and of (2) “ street 
washings.” 

(1) As is well known, sewage when diluted with rain water is at times 
discharged by means of storm overflows into rivers in the “ untreated ” condi- 
tion. For practical reasons it may be impossible to insist on the treatment 
of more than a few times the dry weather flow of sewage. But it should be 
remembered that sewage diluted even six or more times with pure water 
would still remain a liquid almost as potentially dangerous to health as normal 
crude sewage. hott 

During the course of the investigation we were only able to collect 
a few samples of storm water. But since then a fair number of samples 
have been examined from other places and the results obtained confirm the 
truth of the above statements. Ke 

(2) As regards “street washings” (separate system), it has been perhaps 
too readily assumed in the past that the storm liquid resulting from the adop- 
tion of the separate system is relatively unobjectionable. From the bacterio- 
logical point of view, this liquid may be grossly and dangerously (potentially 


speaking) impure. 
The following is a brief summary of the chief results :— 
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pig inoculated with 4 c.c. of 
the same sample died on the 


Number of 
Total number of spores of B. 
bacteria per c.c. enteritidis 
Number of B. coli sporogenes 
Description of Sample. (or closely allied (Klein’s ; Remarks. 
forms) per c¢.c. ¥ enteritidis 
Gelatine | Agar at change as 
at 20°C. =ipae culture) per c.c. 
67. Storm water over- {17,600,000 | 1,480,000 | 100,000 (Indol test, | At least 100, | “Gas” test, + 01, — ‘001 
. | flow after running + °00001 c.c.) but less than | cc. 2 ¢.c. were injected sub- 
= | for 30 minutes, April 1,000 cutaneously into a guinea- 
= 29th, 1900 : pig. The animal died on the 
o5 third day. 
< | 68. Same as above, 26,100,000 | 1,640,000 | 10,000 not 100,000 | At least 100, | “Gas” test, + °001, — ‘0001 
ei | after the overflow (Indol test, but less than | cc. 2¢.c were injected sub- 
1 | had been working 14 + °00001 c.c.) 1,000 cutaneously into a guinea- 
<< | hours pig. Theanima] died on the 
third day. 
311. Street “ wash-| 7,500,000 | 640,000 — At least 10, | Neutral red broth test, + 
ings,” 2nd July, 1901, but less than | ‘0001, — 00001 ¢.c. Litmus 
Ei | after 2 days’ heavy 100 milk test, acid clot ‘001 c.c. 
© | rainfall “Gas” test, + ‘001, — °0001 
«= 
| 314. As above, but {22,800,000 | 900,000 _ At least 100, { Neutral red broth test, + 
= after 3 days’ heavy but less than | ‘00001 cc. Litmus milk 
<jrain, slightly con- 1,000 test, acid clot ‘0001 ce. 
taminated with sew- “Gas” test + ‘001, — 0001 
age from the farm Ce 
174. Street “wash-| 1,470,000 88,000 | At least 10 (Indol | At least 100, | “Gas” test, + ‘1, — ‘01 c.c. 
ings,” 14th Novem- test, + ‘le.c.) | but less than 
ber, 1900 1,000 
a 
© | 179. As above, 21st } 3,840,000 293,000 | 10,000 not 100,000 | Atleast 10, | ‘‘Gas” test, + °01 c.c 
© | November, 1900 (Indol test, but less than 
= + ‘00001 c.c.) 100 
S \ 182. As above, after {13,700,000 | 154,000 | 10,000 (Indol test, | At least 100, 
running 2 hours, 28th + ‘0001 c.c.) but less than 
mo November, 1900 1,000 
5 
w2 | 188B. As above, after | 9,900,000 | 380,000 | 1,000 (Indol test, | At least 100, | “Gas” test, + ‘1, - ‘Ol cc. 
_ {| Tunning 4 hours, Ist + °001 c.c.) but less than | A guinea-pig inoculated with 
December, 1900 1,000 2 c.c. of this sample died on 
the second day. 
96. Street “wash- |15,900,000 94,000 | 10,000 (Indol test, | Atleast 10, | “Gas” test, +°01, — 001 cc. 
ings,’ 20th June,1900 | / + ‘0001 ¢.c.) but less than | 2 c.c. of the sample proved 
100 fatal on subcutaneous in- 
. jection into a guinea-pig. 
a 231. Street “wash-{ 930,000 12,400 | 1,000 (Indol test, | At least 100, | “Gas” test, — ‘1 ¢.c. Neutral 
= | ings,” 4th March, 1901 + ‘001 c.c.) but less than | red broth test, + °01, — ‘001 
am 1,000 c.c. Litmus milk test, + 


second day. 


A guinea- 
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It is obvious from the above table that storm overflow and “street 
washings” liquids may be of a grossly impure character and certainly quite 
unfit for discharge into drinking water rivers. The samples were, generally 
speaking, not in a fit condition for discharge even into non-drinking water 
streams, according to the provisional biological standards of purity. 

Lastly, it is to be hoped that the foregoing conclusions will be inter- 
preted in the light of the more detailed and guarded statements given 
in Part III. (Bacteriological Report). 
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SECTION VII. 


~* COMPARISON BETWEEN THE CHEMICAL AND 
BACTERIOLOGICAL RESULTS.* 


1. General Comparison and Conclusions. 


In comparing the chemical.and bacteriological results, it is advisable in 
the first place to give a tabular statement showing side by side (1) the 
statistics relating to each of the eight sewage farms kept under detailed 
- observation ; (2) the bacteriological results ; (3) the chemical results ; and 
(4) the main conclusions to be drawn from our chemical and bacteriological 


investigations. 


It must be understood that in the necessarily brief summary which 


follows, many points are omitted which may be of considerable importance. 


It is to be hoped, however, that the following statement will be read in 
the light of the results set forth in detail in Parts II. and HI. 
(Chemical and Bacteriological Reports). 


* Note.—In this section the farms follow one another in alphabetical order. 
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830 


ALDERSHOT CAMP 





STATISTICAL INFORMATION. 


| 





Qn 


—I 


10. 


tt 


13. 


14. 


15. 


16. 


. Total 


. Average 


. Gallons 


Situation of farm 


of 


acreage 
farm 


. Total irrigable area 


area irri- 
gated at one time 


. Population draining 


to farm 


. Population per acre 


irrigated 


. Gallons of sewage per 


head per day 


. Dry weather flow of 


sewage per 24 hours 


of sewage 
(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre per 
214 hours on the 
assumption — that 
each acre of the 
irrigable area is 
under sewage all 
the time 


Character of the 


sewage 


. Method ot treatment 


General character of 
the soil and subsoil 


Separate or combined 
sewerage system 


The final effluent is 
discharged into 


Number of years 
farm in operation 
before 1900 





| 


Ashvale, near Camps.| 


138°5 acres. 


120°5 acres. 


About 40 acres. 
20,000. 

166. 

50. 

1,000,000 gallons. 


25,000. 


8,300. 


Purely domestic. 


BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 








Screening, settling 
tanks, and _ filtra- 
tion. 

Sand. 

Separate. 


River Blackwater. 


36 years. 


Total number of bacteria (gelatine at 20° C.) :— 
183,266 (99 per cent. reduction). Primary 
standard, less than 100,000. Secondary 
standard, less than 1,000,000.* 


Total number of bacteria (agar at 37° C.):— 
37,308 (99 per cent. reduction). Primary 
standard, less than 10,000. Secondary standard, 
less than 100,000. 


B. coli, :—At least 1,000, but less than 10,000. 
Primary standard, less than 1,000. Secondary 
standard, less than 10,000.§ 


B. enteritidis sporogenes test :—At least 10, but 
less than 100 per c.c. Primary standard, less 
than 10. Secondary standard, less than 100.§ 


“Gas” test :-— + 1 ce; — “ex, 
standard, negative result, ‘1 c.c. 
standard, negative result, .01 ¢.¢.§ 


Primary 
Secondary 


Neutral red broth test :— + -001 ; — 0001 ec. 
Primary standard, negative result — -001 c.c. 
Secondary standard, negative result, ‘0001 ¢.c.§ 


None ot the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The effluents, on the average, came within 
measurable distance of passing the primary — 
standards laid down for non-drinking-water . 
streams. 


The best effluents were remarkably satisfactory, 
and far more than passed the standards set | 
up for the above tests. 


The effluents judged by the B. enteritidis — 
sporogenes test were usually less satisfactory 
than when judged by the “gas” test. 


Speaking in general terms, the effluents may be 


said to have been at least 100 times 
purer than the sewage, and to have passed 
successfully the secondary standards suggested 
for non-drinking-water streams. 


For further information reference must be made 
to Section I., Part II. (Bacteriological 
Report). 








* It must be definitely understood that these 
standards are merely provisional and are used for 
comparative purposes only. 

| Inclusive of gas-forming coli-like microbes. This 
remark also applies to the etiluents from Altrincham, 
Cambridge, Beddington (Croydon), Leicester, South 
Norwood, Nottingham and kugby Sewage Farms. 


§ These averages are only approximate. 
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SEWAGE FARM EFFLUENTS. 





CHEMICAL RESULTS. 





The analysis of 16 to 18 old land and general 
effluents* gave the following figures, among 
others :— 


Parts per 100,000. 


Average. 
Total nitrogen (3°69 to 8:99) —- - 6:0 
Ammoniacal nitrogen (0°91 to 4:98) - 1:85 
Albuminoid », (0°12 to 0°47) - 0°26 
Nitric + nitrous ,, (0°0(?%) to 5-97) - 3:21 


“Oxygen absorbed” from permanga.- 
nate in 4 hours at 26°7° C. (80° F.) 
(1-02 to 5°68)- = sina (02°70 

Incubator test (smell): 16 samples out of 

18 passed. 


Percentage purification on the chance and 
hourly samples of sewage :— 


Chance. Hourly. 
Per cent. Per cent. 
(a) Calculated on the albuminoid 
nitrogen - - : - 94 84 
(b) Calculated on the “oxygen 
absorbed” —- - - 90 87 


The Aldershot Camp Farm effluents may be 
described as highly nitrated effluents from a 
very strong sewage which has undergone a 
relatively, but not an absolutely, high degree of 
purification. The samples examined were more 
or less yellow or brown in colour, but colourless 
or light yellow when filtered, and they con- 
tained decided amounts of eaceedingly flocculent 
light brown suspended solids, ¢.¢., fragments of 
weed coated with oxide of iron,t washed from 
the drain-pipes. This weed, of course, supplied 
some of the albuminoid nitrogen of the analysis. 
Excepting in two instances, the smell of the 
samples was clean when they came to be 
analysed. Being percolation effluents, and not 
purified to an absolute high standard like the 
effluents at Nottingham, the amount of dis- 
solved oxygen present was not large. The 
marked increase in concentration of these 
effluents in summer is striking (see curves in 
Aldershot Camp Farm Report, Part II.). In 
conclusion, though some or most of the effluents 
still contained considerable amounts of organic 
matter, not much of this was of a fermentable 
character, under laboratory conditions of experi- 
ment, and the nitrate present was always much 
more than sufficient to keep them sweet. 

For details, see the Chemical Report on the 
Aldershot Camp Farm and the Section upon 
Soils (Part IT.). 





* Some of these contained admixed effluent from 
newly laid-out land, which was of much less good 
quality than the ordinary old land effluent. 


+ Strictly speaking, this is no doubt a basic car- 
bonate of iron. 


REMARKS. 








. The sewage (purely domestic) is strong. 


It cannot be said that for a filtration farm 
Aldershot Camp was treating a large volume of 
sewage, either per acre of the “ working ” daily 
irrigable area, or per acre of the total irrigable 
area ; but it was treating, both actually and 
relatively, a large quantity cf organic matter (sec 
diagram 5, Section II., Subsection 11). | More- 
over, the soil and subsoil (coarse sand over very 
fine sand)are not of the best kind for purifying a 
large volume of sewage, and the average filtra- 
tion depth down to the drains is only about 3 
feet (compare Section II., Subsection 13). 


The sewerage system is separate, so the farm 
is not called upon to treat much storm water. 


On the whole we consider that 25,000 gallons 
per acre per 24 hours (8,300 gallons per acre of 
the total irrigable acre per 24 hours) is too 
large a volume of a strong sewage to be treated 
by screening, settling, and filtration through 
about 3 feet of sand of the above nature, it 
completely and uniformly satisfactory effluents 
are to be expected, but not too large a volume 
of sewage per acre to yield effluents showing a 
high percentage (possibly even a sufficient 
relative degree) of purification. 
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SraTISTICAL [NFORMATION. 





. Situation of farm 


Total 
farm 


acreage of 


. Total irrigable area 


. Average area irri- 


gated at one time 


. Population draining 


to farm 


Population per acre 
irrigated 


sewage 


per head per day 


. Dry weather flow of 


sewage per 24 
hours 


. Gallons of sewage 


(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre 
per 24 hours on 
the assumption 
that each acre of 
the irrigable area 
is under sewage all 
the time 


Character of the 
sewage 


. Method of treatment 


General character of 
the soil and subsoil 


Separate or combined 
sewerage system 


The final effluent is 
discharged into 


years 
farm in operation 
before 1900 








Near Carrington , 


Moss, 2 miles 
from Altrincham. 


75°5 acres. 


35 acres. 


17°5 acres. 


18,000. 


514, 


800,000 gallons. 


46,000. 


23,000. 


Domestic. 


Settlmg tank and 
land filtration. 


Peaty soil lying 
upon sand and 
gravel. 


Combined. 


Sinderland Brook. 


50 years. 








ALTRINCHAM 





BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 


Total number of bacteria (gelatine at 20° C.):— 
363,400 (99 per cent. reduction). 
standard, less than 100,000. 
standard, less than 1,000,000.* 


Secondary 


Total number of bacteria (agar at 37° C.):— 
7,275 (99 per cent. reduction). Primary 
standard, less than 10,000. Secondary standard, 
less than 100,000. 


B. coii:—At least 100, but less than 1,000. 
Primary standard, less than 1,000. Secondary 
standard, less than 10,000.§ 


B. enteritidis sporogenes test:—At least 1, but 
less than 10. Primary standard, less than 10. 
Secondary standard, -less than 100. § 


“Gas” test:— + 10ee; — 1 ce. 
standard, negative result with ‘1 c.c. 
ary standard, negative result, .01 ¢.¢.§ 


Primary 
Second- 


— ‘001 ce. 
Secondary 


Neutral red broth test :— + ‘01 cc.; 
Primary standard, — ‘001 c.e. 
standard, —:0001 c.e.§ 


None of the effluents were in a fit state to be. 


discharged into a drinking-water stream... 


The effluents, on the average, passed the pro-. 
visional standards laid down for non-drinking . 


water streams, except as regards the - total 
number of bacteria (gelatine at 20° C.) pre- 
sent. 


Speaking in general terms, the effluents may be 
said to have been from 100 to 1,000 times 
purer than ordinary sewage, and at least 
100 times purer than Altrincham sewage, 
which is, however, a weak sewage. 


For further information reference must:be made 
to Section II., Part III. (Bacteriological 
Report). 


* It must be definitely understood that these 


standards are merely provisional and are used for 
comparative purposes only. 


§ These averages are only approximate. 


Primary 


SEWAGE FARM EFFLUENTS. 





CHEMICAL RESULTS. 











Out of 14 to 18 effluents analysed, the follow- 
ing figures, among others, were obtained :— 
Parts per 100,000. 


Average. 
Total nitrogen (1:36 to 4:99) —- - 2°22 
Ammoniacal nitrogen (0°65 to 1:87) - 1:23 
Albuminoid _,, (0:07 to. 0°25). - 0:13 


_ Total organic ,, (0°10 (2) to 0°45) 0:26 
Nitric + nitrous nitrogen (0:0 to 3°64) 0°76 
“Oxygen absorbed” from permanganate 

in 4 hours at 26°7° C. (80° F:) (0°92: . 
Bile 2 RIOR (nad henat Avensdinte Sswtie 75 


Incubator test (smell): 13 out of 16 samples 
passed. 


Percentage purification on the chance samples 
of sewages and lagoon liquors taken together 
(this calculation is very approximate) :— 


Per cent. 
(a) Calculated on albuminoid nitrogen - 79 


5 » ‘oxygen absorbed” - 67 
These effluents contained varying amounts of 
red-brown flocculent matter (no doubt to a con- 
siderable extent basic ferric carbonate) which 
gave to many of them a deep brown colour and a 
turbid appearance. After being filtered, some 
of the effluents were just tinged, but others 
remained very brown. They had either no 
smell at all or an iron smell when they came to 
be analysed. The presence of so much iron in 
the sandy subsoil no doubt. accounts to some 
extent for the comparatively small quantity of 
dissolved oxygen found in the effluents. 


Speaking generally, the Altrincham effluents 
were fairly satisfactory on-the whole, but-the 
oxidized nitrogen was, as a rule, low in propor- 
tion to the total nitrogenous matter present. 
It is worth noting that the effluents from the | 
uncropped arable land were the least nitrated. | 
For details see the Chemical Report on the | 
Altrincham Farm (Part IJ). 








REMARKS, 





The sewage (domestic) is weak. 


Even for a filtration farm Altrincham was 
treating a large volume of sewage, both per acre 
of the “ working ” daily irrigable area, and per 
acre of the total irrigable area ; and although 
the sewage was weak, the farm was treating in 
the aggregate, so far as our data suffice for a 
comparison, a large quantity of organic matter, 
although not so much as at Cambridge. The 
soil and subsoil (porous peaty soil lying upon 
sand admixed with a little gravel) are Lot 
apparently of the best kind for purifying a large 
volume of sewage, especially when the average 
filtration depth downwards to the drains (only 
about 3 ft. 9 in.) is taken into consideration 
(compare Section II., Subsection 13), At the 
same time, the results which we have obtained 
from Altrincham lead us to consider, so far as 
our data go, that the aération through the soil 
and subsoil must be better than would at first 
sight appear. 

The combined sewerage system is in operation 
but the farm does not treat much storm water. 


The bacteriological results, apart from the 
total number of bacteria (gelatine at 20° C.), do 
not admit of the conclusion that 46,000 gallons 
per acre (23,000 gallons per acre of the total 
irrigable area) is too large a volume of a weak 
sewage to be treated by settling and filtration 
through a peaty soil lying upon sand and 
gravel (that is, where the effluent is discharged 
into a non-drinking water stream). 


The chemical results indicate that the land at 
present is somewhat overtaxed, and that with a 
smaller dose of sewage the results’ would be 


| distinctly good. 
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STATISTICAL INFORMATION. 


CAMBRIDGE 


BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 





10. 


1] 


13. 


14. 


16. 


. Average area 


. Gallons of 


. Gallons of 


. Situation of farm 
. Total acreage of farm 


. Total irrigable area 


irri- 
gated at one time 


. Population draining 


to farm 


. Population per acre 


irrigated 


sewage 


per head per day 


. Dry weather flow of 


sewage per 24 hours 


sewage 
(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre per 
24 hours on the 
assumption _ that 
each acre of the 
irrigable area is 
under sewage all 
the time 


Character of the 


sewage 


. Method of treatment 


General character of 
the soil and subsoil 


Separate or combined 
sewerage system 


. The final effluent is 


discharged into 


Number of 
farm in operation 
before 1900 





years / 





3 miles from Cam- 
bridge. 


102°'5 acres. 


74 acres. 


18°5 acres. 


50,000. 


45, 


2,250,000 gallons. 


121,600. 

30,400 

Mainly domestic | 
(some brewery 
refuse). 


Screening and set- 
tling tank and 
land filtration. 


Sandy loam  over- 
lying gravel and 
sand. 


| Partially separate. 


River Cam. 


5 years (systematic) | 


working. 











C.) :— 
Primary 
Secondary 


Total number of bacteria (gelatine at 20° 
711,476 (94 per cent. reduction). 
standard, less than 100,000. 
standard, less than 1,000,000.* 


Total number of bacteria (agar at 37° C.) :— 
78,327 (94 per cent. reduction). Primary 
standard, less than 10,000. Secondary » 
standard, less than 100,000. 


B, coli :—At least 1,000, but less than 10,000. 
Primary standard, less than 1,000. Secondary 
standard, less than 19,000. § 


B. enteritidis sporogenes test :—At least 10, but 
less than 100. Primary standard, less than 
10. Secondary standard, less than 100:§ 


“Gas” test :— + ‘1 ee.;— 01 ee. Primary 
standard, — ‘1 cc. Secondary standard, 
‘01 c.c.§ 


None of the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The effluents failed to pass the primary, but 
passed successfully the secondary standard 
for non-drinking-water streams. 


Speaking in general terms, the effluents may be 
said to have been about 100 times purer than 
crude sewage. 


For further information reference must be made 
to Section III, Part III. (Bacteriological 
Report). 


“It must be definitely understood that these 
standards are merely provisional and are used for 
comparative purposes only. 


§ These averages are only approximate. 





SEWAGE FARM EFFLUENTS. 








CHEMICAL RESULTS. 





From the analysis of 17 to 18 effluents, the 
following figures, among others, were obtained : 
Parts per 160,000. 


Average. 
Total nitrogen (1°48 to 319) -' = - 2:09 


Ammoniacal nitrogen (0°22 to 1:31) - 0°65 


Albuminoid re (0:04 to 0°18) - 0°09 
‘Total organic ,, (0°04 (%) to 0°42) - 0:2] 
Nitric + nitrous nitrogen (0°69 to 

2°25) - Mi or >. L206 
“Oxygen aiorbed” from permanganate 

in 4 hours at 26-7° C. ud) (0°16 

EO MSL Pa = ie OST 


Incubator test (smell) : 


17 out of 18 samples 
passed. 


Percentage purification on the chance and 
hourly samples of sewage :— 


Chance. Hourly. 
Per cent. Per cent. 


{a) Calculated on the gt anagalie 


nitrogen - - 85 90 
alculated on the “ oxygen 
(b) Calculated he* xygen 
absorbed ” 88 92 


The Cambridge effluents were partly clear 
and colourless, partly slightly opalescent and 
of a brown tinge and containing a little floc. 
culent matter, partly rather turbid from the 
separation of ‘carbonate of lime. They had a 
clean smell when analysed. The dissolved 
oxygen was never high, both because of these 


of the less purified samples the organic matter | 


was of a somewhat fermentable character, 
though in every case excepting one there was 
enough nitrate present to prevent putrescence 
upon incubation. It will be noted here that 
we are dealing with an effluent from a dilute 
sewage. 
good from a chemical point of view, and in 
some instances very good. 


Full details are given in the Chemical Report 


on the Cambridge Farm and in the Section | 


dealing with Soils (Part IL.) 


To sum up, the effluents were usually | 








REMARKS. 





The sewage (mainly domestic) is rather weak, 
and is treated for the most part on uncropped 
land. In this respect the Cambridge Farm 
differs from the others. 


Even for a filtration farm Cambridge was 
treating an eaceptionally large volume of sewage, 
both per acre of the “ working ” daily irrigable 
area and per acre of the total irrigable area, 
It was also treating in the aggregate a large 
amount of organic matter (see diagram 5, Sec- 
tion II., Subsection 11), but it ‘must be re- 
membered. that this organic matter was highly 
diluted. Nevertheless, the soil and subsoil (sandy 
loam overlying gravel and sand), like those at 
Nottingham, are admirably adapted for the 
purification of a large volume of sewage, and 
the average filtration depth down to the drains 
is nearly 5 feet (compare Section II., Sub- 
section 13). 


The sewerage system is partially separate, 
and very little storm water reaches the farm. 


In conelusion, we consider that 121,600 
gallons per acre per 24 hours (30,400 gallons 
per acre of the total irrigable area per 24 hours) 
is rather too large a volume of even a weak 
sewage to be treated by screening, settling, and 
filtration through even 5 feet of a soil and sub- 
soil admirably adapted for purification purposes. 
It should be borne in mind here that it is easier 


| to bring a weak sewage down to an absolute 
being percolation effluents, and because in some | a 8 


standard of purity (such, for example, as the 
Mersey and Irwell) than a strong sewage 
(volume for volume), although in the former case 
the liquid has really undergone less purifica- 
tion (compare Part II,, Chemical Report, 
Section on Standards). 
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BEDDINGTON (CROYDON) 





STATISTICAL INFORMATION. 


) 
| 
| 
{ 
\ 





1. Situation of farm 


2. Total acreage of 
farm 


3. Total irrigable area 


4. Average area irri- 
gated at one time 


5. Population draining 
to farm 


6. Population per acre 
irrigated 


7. Gallons of sewage per 
head per day 


8. Dry weather flow of 
sewage per 24 hours 


9. Gallons of sewage 
(exclusive of storm 
water) treated per 
acre per 24 hours 


10. Gallons of sewage 
treated per acre per 
24 hours on the 
assumption _ that 
each acre of the 
irrigable area is 
under sewage all 
the time 


lt. Character of the | 


sewage 


12. Method of treatment 


13. General character of 


the soil and subsoil | 


14. Separate orcombined 
sewerage system 


15. The final effluent is | 


discharged into 


16. Number of years 
farm in operation 
before 1900 





| 
| 
| 


3 miles from Croy- 
don. 


673°5 acres. | 


420 acres. 


About 70 acres. 


100,000. 


bo 
os 
G 


40, 


4,000,000 gallons. 


57,100. 


BACTERIOLOGICAL RESULTS. (AVERAGE 
RESULTS PER €.C.). 





Total number of bacteria (gelatine at 20° C.) :— 
1,413,200 (95 per cent. reduction). Primary 
standard, less than 100,000. Secondary 
standard, less than 1,000,000.* 


| Total number of bacteria (agar Pn Aes Ve C.) ee 


112,000 (97 per cent. reduction), Primary 
standard, less than 10,000. Secondary 
standard, less than 100,000, 


| B. coli:—At least 1,000, but less than 10,000. 


Primary standard, less than 1,000. Secondary 
stundurd, less than 10,0008. 


B. enteritidis sporogene: test :—At least 10, but 
less than 100. Primary standard, less than 
10. Secondary standard, less than 100§. 


“Gas” test :— +1 «ee; — 01 ce. Primary 
standard, — ‘1 ee. Secondary standard, 
— ‘01 c.¢.§. 


Neutral red broth test :— + ‘001 «ae. ; = ‘0001 
c.c.; Primary standard, — 001 ¢e¢. Second- 
ary standard, — ‘0001 e.c.§. 


None of the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The effluents failed to pass the primary, but 
passed successfully (except as regards total 
number of bacteria) the secondary standards 
for non-drinking-water streams. 


Speaking in general terms, the effluents may be 
said to have been at least from 10 to 100 
times purer than crude sewage. 


For further information reference must be made 
to Section IV., Part III. (Bacteriological 





Almost purely do- 
| mestic. 





| 
4 
| 


Report). 





*Tt must be definitely understeod that these 
standards are merely provisional and are used for 
comparative purposes only. é 

¢ These averages are only approximate. 


Sereening, surface | 


irtigation and | 


| filtration. 


| 


| Gravelly loam over 
gravel and sand 


| 


| Partially separate. 


River Wandle. 


{ 
| 
| 
| 
| 
| 


39 vears. 














7 


SEWAGE FARM EFFLUENTS. 


CHEMICAL RESULTS. 


REMARKS. 





The analysis of 15 to 16 effluents* yielded the | 


following figures :— 
Parts per 100,000. 


, Average. 
Total nitrogen (1°02 to 3:49) - - 2°20 
Ammoniacal nitrogen (0°23 to 3:10) - 1-48 
Albuminoid * (0°06 to 0°23) 014 


Nitric + nitrous nitrogen (0-03 to 


1°43).5 = faye - - - 0°37 
“Oxygen absorbed” from permanga- 

nate in 4 hours at 26°7° C. (80°F.) 

HOOD IGO 2092 Wr =h a Panis ph ~ LAL 


Incubator test (smell): 11 out of 15 samples 
passed. 


Percentage purification on the chance and 


hourly samples of sewage :— 


Chance. Hourly. 
Per cent. Per cent. 


(a) Calculated on the albuminoid 


nitrogen - - - - 92 89 
(b) Calculated on the “ oxygen 
absorbed ” - - - 390 89 


These effluents varied a good deal in appear- 
ance, some being clear and almost colourless ; 
others’of a yellowish to brownish tint, with but 
a very small amount of suspended solids ; others 
turbid, with very considerable quantities of 
solids in suspension. Three-fourths of them, 
however, might be taken as very free from the 
latter. Allexcepting one or two had a clean 
smell when analysed. The dissolved oxygen 
varied very much, but half of the effluents were 
well aerated on the day of analysis—-a strong 
point in their favour. The ammoniacal 
nitrogen was high, and the nitric nitrogen low ; 
_ still, where nitrate was present, it was not 
reduced to any extent upon jointing or incu- 
bating the samples. 


The sewage at Beddington is of medium 
strength. The farm is capable of producing 
by--surface irrigation a high-class effluent, 
chemically speaking, and does so sometimes, 
but not always. The results obtained in the 
special experiment demonstrate the high puri- 
fying power of the Beddington soil and subsoil 
when used for filtration. 


For details, see the Chemical Report on the 
Beddington Farm and the Section upon Soils 
in Part Il. 





* Of the final effluents two were over two fields only. 





The sewage (almost purely domestic) is of 
medium strength. 
For a combined surface irrigation and filtra- 
tion farm, Beddington was treating a very large 
. ] 
volume of sewage per acre of the “ working’ 
daily irrigable area, and also a large volume per 
acre of the total irrigable area. As regards 
organic matter, it was treating a little less than 
Rugby in the aggregate, owing to the sewage 


_ being much weaker (sce Diagram 5, Section IL, 


Subsection 11). 


The soil and subsoil (light gravelly loam over 
gravel and sand) are of a kind well adapted for 
purifying a large volume of sewage by filtration. 
Beddington, however, is worked mainly as a 
surface irrigation farm. But it is probable that, 
owing to the porosity of the soil, the surface 
irrigation at Beddington is supplemented by 
some filtration through the surface soil. 

The sewerage system is partially separate, 
and all the storm water reaching the sewers 1s 
dealt with on the farm. As the volume of this 
is at times very considerable, it is obvious that 
the regular working of the farm must be mate- 
rially interfered with, and this may account for 
the fact that the effluents varied in quality to 
a considerable extent. 


We are of opinion that 57,100 gallons per 
acre per 24 hours (9,500 per acre of the total 
irrigable area) is too large a volume of even a 
medium-strength sewage to be treated by 
screening and surface irrigation even over such 
a porous soil. The volume of sewage dealt with 
per acre of the “working” daily irrigable area 
was very large, owing to the “resting” area 
being five times the “ working” area. 

The bacteriological results were, generally 
speaking, less satisfactory than the chemical. 


The fact of the Beddington soil and subsoil 
being fairly comparable in quality with those 
at Nottingham and Cambridge (compare Sec- 
tion II., Subsection 13), taken together with 
the filtration results obtained from the “ special 
experiment,” leaves no room for doubt that the 
above-mentioned volume of sewage could be 
satisfactorily treated if Beddington were laid 
out as a filtration farm. 
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LEICESTER 
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1. 


10. 


pe 


12. 


13. 


14, 


15. 


16. 


. Average 


. Gallons 


STATISTICAL INFORMATION. 


BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 





Situation of farm 


. Total acreage of 
farm 
. Total irrigable area 


area 1rrl- 
gated at one time 


. Population draining 


to farm 


. Population per acre 


irrigated 


Gallons of sewage per 
head per day 


Dry weather flow of 
sewage per 24 hours 


of sewage 
(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre per 
24 hours 


assumption that 


on the | 


each acre of the / 


is 


all 


irrigable area 
under sewage 
the time 
Character of 
sewage 


Method of treatment | 


General character of 
the soil and subsoil 


Separate or combined 
sewerage system 


The final effluent is 
discharged into 


Number of years 
farm in operation 
hefore 1900 


the | 








2 miles from Leices- 
ter. 


1,699 acres. 


1,350 acres. 


337 acres. 


197,000. 


146. 


36°8. 


7,250,000 gallons. 


21,500. 


5,370. 


# domestic, } trade 
refuse. 


Screening, settling 
tanks, surface irri- 
gation and filtra- 
tion combined. 


Stiff clayey soil over- 
lying dense clay. 


Partially separate. 


Anstey Brook (flow- 


ing into R. Soar). 


9 years, 





! 


| “Gas” test :— + ‘1 oe.; —- ‘01 ce. 





Total number of bacteria (gelatine at 20° C.) :— 
532,777 (95 per cent. reduction). Prim 
standard, less than 100,000.  Secondar 
standard, less than 1,0)0,000.* 


Total number of bacteria (agar at 37° C.):— 
70,500 (95 per cent. reduction). Primar 
standard, less than 10,000. Secondar 
standard, less than 100,000. 


B. coli :—At least 1,000, but less than 10,000. 
Primary standard, less than 1,000. Secondary 
standard, less than 10,0008. 


B. enteritidis sporogenes test :—At least 10, but. 
less than 100. Primary standard, less than 
10. Secondary standard, less than 10S. 


Primary 


standard, ‘l cc. Secondary standard, 


— ‘01 «es. 


Neutral-red vroth test :— + 001 ¢,c.; — :0001 e.c. | 
Primary standard, — ‘001 cc. Secondary 
standard, — ‘0001 e.c.§. 


None of the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The effluents failed to pass the primary, but 
passed successfully the secondary standards, 
for non-drinking-water streams. 


Speaking in general terms, the effluents may be: 
said to have been about 100 times purer than 
crude sewage. 


For further information reference must be made. 
to Section V., Part III. (Bacteriological 
Report.) 





* Tt must be definitely understood that’ these 


| standards are merely provisional and are used for 


comparatise purposes only. 
§ These averages are only approximate. 
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SEWAGE FARM EFFLUENTS. . 





CHEMICAL RESULTS. 





The analysis of 8 to 13 effluents gave the 
following figures :— 
Parts per 100,000. 


Average. 
Total nitrogen (1°84 to 3°64) —- - 2°62 
Ammoniacal nitrogen (0°59 to 2°81) - 1°65 
Albuminoid 3. (0°07 to 0°35) - 0-20 
Total organic ,, (0°18 to 0°63) - 0°45 
Nitric + nitrous ,, (00to173) - 0°51 


‘Oxygen absorbed” from permanga- 
nate in 4 hours at 26°7° C. (80° F.) 
(1:70 to 4°47) - : : - - 2:50 
Incubator test (smell): 12 out of 13 passed, 
though one or two of them with difficulty. 


Percentage purification on the chance and 
hourly samples of sewage :— 


Chance. Hourly. 
Per cent. Per cent. 


(a) Calculated on the albuminoid 


nitrogen - - - - 82 85 
(6) Calculated on the “oxygen 
absorbed ” : - gu e0 88 


The Leicester final and general effluents were 
either clear, slightly opalescent, or in one or 
two cases more or less turbid. They were 
brown or sometimes yellow in colour, and there 
was always some flocculent matter present in 
them, no doubt mainly fragments of weed from 
the drains, tinged with oxide of iron. When 
analysed they had a clean smell. The ammonia. 
cal nitrogen was relatively high, constituting 
about two-thirds of the total nitrogen present, 
and the nitric nitrogen was—with a few excep- 
tions—-very low. Still, the various incubation 
results showed that the organic matter left in 
these effluents was of a comparatively non- 
fermentable character, under laboratory condi- 
tions of experiment. The sewage at Leicester is 
only of moderate strength as regards nitrogen, 
but it contains much oxidizable matter as 
measured by the permanganate test. 


The Leicester effluents, while not of a high 
class, are better as regards keeping property than 
the figures of analysis would lead one to expect ; 
they may be described as medium. 


The chemical results from the special experi- 
ment at Leicester are of some interest. 


For details, see the Chemical Report on the | 


Leicester Farm and the Section upon Soils in 
Part II. 








REMARRS., 





The sewage ({ domestic, } trade refuse) is 
only of moderate nitrogenous strength, but con. 
tains a considerable amount of oxidizable 
matter. 


For a combined surface irrigation and filtra- 
tion farm, Leicester was treating a fairly large 
volume of sewage per acre of the “ working” 
daily irrigable area, but not a large volume per 
acre of the total irrigable area. As regards the 
organic matter, it was treating about one-half 
that of Nottingham (see Diagram 5, Section II., 
Subsection 11). 

The soil and subsoil (stiff clayey scil over- 
lying dense clay) are certainly not well suited 
for purifying a large volume of sewage (com- 
pare Section II, Subsection 13). 

The sewerage system is partially separate. 
The farm does not deal with very mucli storm 
water. 

We think that 21,500 gallons per acre per 
24 hours (5,370 gallons per acre of the total 
irrigable area per 24 hours) is rather too large 
a volume of a mixed sewage of moderate strength 
to be treated by screening, settling, and surface 
irrigation (with some filtration) on soil cf the 
above nature. 


(In connection with the foregoing, compare 
the South Norwood results. ) 





10. 


11. 


12. 


13. 


14, 


15. 


16. 
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SOUTH NORWOOD 








STATISTICAL INFORMATION. 


. Situation of farm 


Total 
farm 


acreage of 


. Total irrigable area 


Average area irri- 
gated at one time 


. Population draining 


to farm 


. Population per acre 


irrigated 


Gallons of sewage 
per head. per day 


Dry-weather flow of 
sewage per 24 hours 


Gallons of 
(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre per 
24 hours on the 
assumption — that 
each 
irrigable 


the time 


haracter of the 


sewage 


Method of treatment 


General character of 
the soil and subsoil 


Separate or combined 


sewerage system 


The final effluent is 
discharged into 


Number of years 
farm in operation 
before 1900 


sewage } 


acre of the | 
area is | 
under sewage all | 


Near South 
wood. 


191 acres. 


152 acres. 


50 acres. 


21,000. 


138. 


bo 
(os) 
Ou 


600,000 gallons. 


12,000. 


4,000. 


Purely domestic. 


Sereening, settling 
tanks and_= gur- 
face irrigation. 


A clay soil resting 
on London clay. 


Part‘ally separate. 


| Chaffinch Beck. 


iff 


/ 


36 years. 





Nor- 
| 








BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 


Fotal number oj bacteria (gelatine at 20° C):— 
778,322 (98 per cent. reduction). Primary 
standard, less than 100,000. Secondary 
standard, less than 1,000,000.* 


| Total number of bacteria (agar at 37° C.):— 


35,157 (99 per cent. reduction). 
standard, less than 10,000, 
Standard, less than 100,000. 


Primary 
Secondary 


B. coli :—At least 100, but less than 1,000. 
Primary standard, less than 1,000.. Secondary 
standard, less than 10,000.§ 


B. enteritidis sporogenes test :—At least 10, but 
less than 100. Primary standard, less than 
10. Secondary standard, less than 100. 


“Gas” test:— + 1 ee; -— ‘Ol ce. Primary 
standard, — ‘1 e.c. Secondary standard, less 
than ---- 01 c.c.§ 


None of the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The eftlluents, except as regards the B. coli test, 
failed to pass the primary, but successfully . 
passed the secondary standards for non- 
drinking-water streams. 


Speaking in general terms, the effluents may be 
said to have been at least 100 times purer 
than crude sewage. 


For further information reference must be made . 
to Section VI., Part III. (Bacteriological . 
Report.) 








* It must be definitely understood that these 
standards are merely provisional and-are used for 
comparative purposes only. 

§ These averages are only approximate. 
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SEWAGE FARM EFFLUENTS. 





CHEMICAL RESULTs. 


For the reasons already stated in the Chemi- | 
cal Report, the analytical data available in | 
respect to the South Norwood effluents are 
fewer than in the case of the other farms. The 
following effluents comprise three 2nd field and | 
nine 3rd field, 4th field and general effluents, 
one of the samples being incubated before 
wnalysis. Of the 2nd field effluents two were 
final effluents, and the third one (No. 29) did | 
not differ materially from the corresponding | 
final effluent, No. 30. It is therefore included 
here as regards total nitrogen and “oxygen 
absorbed.” Eleven estimations of total nitrogen 
and of “oxygen absorbed” were made, but 
only seven of ammoniacal, albuminoid, and 
nitric nitrogen can be referred to for actual 
figures. 


The following results were obtained :— 
Parts per 100,000. 


Average. 
Total nitrogen (0°55 to 2°83) —- - 2°30 
Ammoniacal nitrogen (0°02 to 1:55) - 0°87 
Albuminoid a (0:07 to 0°14) - 0:10 


Nitric + nitrous, (0°14 to 0-74 (?)) 0°39 





“Oxygen absorbed” from permanga- 
nate in 4 hours at 26-7° C, (80°F.) 
(0-97 to 1:73) - - - - - 1-44 
Incubator test (smell): 9 out of 12 samples 
passed. 
Percentage purification on the chance and 
hourly samples of sewage : 





Chance, Hourly. 
Per cen:. Per cent. 


(a) Calculated on the albuminoid 


nitrogen - - : «= 91 85 
(5) Calculated on the “oxygen 
absorbed ” - . 2» oF 81 


The final effluents varied in appearance, the 
best having only a slight brown tinge and 
containing merely a trace of flocculent matter, 
while there were others which were turbid, 
with appreciable amounts of matter in suspen- 
sion. The smell when the samples were 
analysed was clean. The amount of dissolved 
oxygen present varied considerably. The nitrate 
was rather low. The curves for “oxygen 
absorbed ” and total nitrogen follow one another 
with great regularity. 





Taking into account the cireumstance that the 
effluents come from a weak sewage, the results, 
so far as they go, indicate that rather too much 
sewage was being treated at the time, a fact 
which was fully recognised by the local author- 
ities, who were laying down bacterial filters to 
relieve the pressure on the land. 

For details, see the Chemical Report on the 


South Norwood Farm and the Section upon 
Soils in Part IT. 














REMARKS. 





he sewage (purely domestic) is weak. 

South Norwood may be taken as an example 
of a surface irrigation farm (with a little filtra- 
tion). It was treating both per acre of the 
“ working ” daily irrigable area, and per acre of 
the total irrigable area, a small volume of sewage 
and a very small quantity of organic matter in 
the aggregate (sce Diagram 5, Section IL, Sub- 
section 11). 

The soil (a partially modified clay soil resting 
on London clay) is not very well adapted for 
purifying even a moderate volume of sewage 


| (compare Section II., Subsection 13). 


The sewerage s\stem is partially separate. 
All the storm water reaching the sewers is dealt 
with on the farm. 


We consider that even 12,000 gallons per acre 
per 24 hours (4,000 gallons per acre of the 
total irrigable area per 24 hours) is possibly 
too large a volume of even a weak sewage to 
be treated by screening, settling, and surface 
irrigation (with some little filtration) on sur- 
face soil of the above nature. Nevertheless, it 
should not be forgotten here that the difficult 
of treating the storm water at South Norwood 
must be relatively great. 


In comparing Leicester and South Norwood, 
two typical clay farms, it should further be 
remembered that although the Leicester Farm 
was treating a much larger volume of sewage 
per acre and a larger amount of organic matter 
in the aggregate, it had to deal with much less 
storm water, and in all probability benefited 
to a greater extent by filtration, which, however, 
must in any case have been comparatively small. 
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15. 
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. Average 
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. Gallons 


NOTIINGHAM 





STATISTICAL INFORMATION. 





. Situation of farm 


. Total acreage — of 
farm 
Total irrigable area 


area iTi- 
gated at one time 


. Population draining 


to farm 


. Population per acre |: 


irrigated 


of sewage 
per head per day 


Dry weather flow of 


sewage per 24 
hours 
. Gallons of sewage 


(exclusive of storm 
water) treated per 
acre per 24 hours 


of sewage 
treated per acre 
per 24 hours on 
the assumption 
that each acre of 
the irrigable area 
is under sewage all 
the time 


Character’ of the 


sewage 


2. Method of treatment 


General character of 
the soil aud subsoil 


Separate or combined 
sewerage system 


The final effluent is 
discharged into 


Number of 
farm in operation 
before 1900 


| Stoke Bardolph, 5 


vears | 





miles from Not- 
tingham. 
907 acres (1900). 


651 acres (1900). 


300 acres. 


258,584. 


27 gallons. 


7,000,000 gallons. 


23,300. 


10,750. 


7th domestic, 
trade refuse. 


Screening (partial) 
and land _filtra- 
tion. 


Light sandy loam 
and gravel over- 
lying gravel and 
sand. 

Combined. 


River Trent. 








BACTERIOLOGICAL RESULTS. 


The effluents stand in a class by themselves. 
Some of them were so pure bacteriologically — 
as to resemble drinking water. 


For the reasons given in Part II. (Bac- 
teriological Report), the effluents could not be 
discharged into drinking-water streams without 
some element of risk. They easily ‘‘ passed ” 
the primary standards for non-drinking-water 
streams. For detailed information, Section 
VII. of the Bacteriological Report must be con- 
sulted. 





93 


SEWAGE FARM EFFLUENTS. 





CHEMICAL RESULTS. 


REMARK.1. 





13 Samples of effluent (omitting No. 11, an | 


effluent from a field which had been purposely 
over-sewaged) gave the following figures :— 


Parts per 100,000, 
Average. 


Total nitrogen (1°41 to 3:45) - 2:27 
Ammoniacal nitrogen (0°01 to 0°29) - 0:13 
Albuminoid ‘4 0°01 to 0:10) - 0°03 
Nitric + nitrous ,, ee to 3°29) - 2:06 
Do. in 4 further samples (1:24 to 1°71) 1:44 
“ Oxygen absorbed” from permanga- 

nate in 4 hoursat 26°7° C. (80° F.) 

(0:05 to 0°37) - : - 


Incubator test (smell) : 
passed. 


- 0:19 


All 17 samples | 





Percentage purification on both the chance | 
_ too large a volume of even a strong sewage to 


be treated by screening (partial) and filtration 
_ through about 6 feet of soil and subsoil (sandy 


and hourly samples of sewage :— 
Chance. Hourly. 


_ , Per cent. Per cent. 
(a) Calculated on the albuminoid 


nitrogen - - - Nia 98 
(6) Calculated on the “oxygen 
absorbed ” - - -. 99 99 


The Nottingham Farm effluents were of quite 


exceptional quality, the best of them approach- | Savages 


ing in fact, chemically, to drinking waters. 
The earlier samples were uniformly clear, colour- 
less, without sediment and without smell ; the 
last four samples examined (partially), while 
also clear, colourless and without smell, con- 


tained quite appreciable amounts of red-brown | 
These | 
four were less well aérated than the others, and | 


flocculent matter from the drain pipes. 


evidently not of such a high class, though still 
very good. It is unnecessary to enter into 
further details here, full particulars being given 
in the Chemical Report on the Nottingham 
Farm and in the Section upon Soils in Part II. 








The sewage (4th domestic, 2th trade refuse) 
is strong. 

For a filtration farm, Nottingham was not 
treating a large volume of sewage, either per 
acre of the “working” daily irrigable area, or 
per acre of the total irrigable area, more espe- 
cially if the nature and effective internal puri- 
fying surface of the soil and subsoil are taken 


_ into consideration. But it was actually treating 
| a large quantity of organic matter (see Diagram 
| 5, Section II, Subsection 11). 


The sewerage system is combined, but the 
farm deals with very little of the storm water. 

There can be no doubt that 23,300 gallons 
per acre per 24 hours (10,750 gallons per acre 
of the total irrigable area per 24 hours) is not 


| loam overlying gravel and sand) of the nature 


of that found at Nottingham. 


It is pleasant to be able to call attention 
to the fact of a sewage farm working well within 
its limits of purifying power, and as a result 
yielding effluents of a highly satisfactory 
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STATISTICAL INFORMATION. 





bo 


“a 


19 


iL 


13. 


14. 


15. 


16. Number 


. Situation of farm 


. Total 


. Total irrigable area 


. Average 


. Gallons of sewage per 


. Dry weather flow of 


. Method of treatment 


acreage of 


farm 


area irri- 
gated at one time 


Population draining 
to farm 


Population per acre 
irrigated 


head per day 


sewage per 24 hours 


Gallons of sewage 
(exclusive of storm 
water) treated per 
acre per 24 hours 


Gallons of sewage 
treated per acre per 
24 hours on the 
assumption that 
each acre of the 
irrigable area is 
under sewage all 
the time 


Character of the 


sewage 


General character of 
the soil and subsoil 





Separate or combined 
sewerage system 


The final effluent is 
discharged into 


ot 
farm in operation | 
before 1900 


years | 


| New Bilton, 1 mile 


from Rugby. 


40 acres. 


35 acres. 


7 acres. 


6,000. 


Lia; 


50. 


300,000 gallons. 


42,800. 


8,500. 


Mainly domestic. 


Sereening, chemical 
precipitation, set- 
tling tanks, and 
surface irrigation 
and filtration com- 


bined. 


Heavy loam over- 
lying stiff clay. 
Partially separate. 


River Avon. 


38 years. 


1 


RUGBY 








BACTERIOLOGICAL RESULTS (AVERAGE 
RESULTS PER C.C.). 








Total number of bacteria (gelatine at 20° C.) :— 
637,133 (97 per cent. reduction). Primary 
standard, less than 100,000. Secondary 
standard, less than 1,000,000.* 


Total number of bacteria (agar at 37° C.):— 
81,526 (97 per cent. reduction). Primary 
standard, less than 10,000. Secondary 
standard, less than 100,000. 


| B. coli: —At least 1,000, but less than 10,000. 


Primary standard, less than 1,000. Secondary 
standard, less than 10,000.§ 


B. enteritidis sporogenes test :—At least 10, but 
less than 100. Primary standard, less than 10. 
Secondary standard, less than 100.§ 


“fas” test:— + ‘lee; — Ol ae Primary 
standard, ‘l ce. Secondary standard, 
— 01 c.c.§ 


Neutral-red broth test:— + ‘01 ece.3; — 001. 
cc. Primary standard, — ‘001 c.c. Secondary 
standard, — ‘0001 c.c.§ 


None of the effluents were in a fit state to be 
discharged into a drinking-water stream. 


The effluents failed to pass the primary, but 
passed successfully the secondary standards 
for non-drinking-water streams. 


Speaking in general terms, the effluents may be 
said to have been about 100 times purer than 
crude sewage. 


For further information reference must be made 
to Section VIII, Part III. (Bacteriological 
Report.) 





* It must be definitely understood that these 
standards are merely provisional and are used for 
comparative purposes only. 


§ These averages are only approximate. 


ges | ae 
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SEWAGE FARM EFFLUENTS. 


CHEMICAL RESULTS. 





The examination of 16 to 19 effluents gave 
the following figures :— 


Parts per 100,000. 


Average. 


Total nitrogen (1°39 to 2°96) - - 2°31 
Ammoniacal nitrogen (0°97 to 2°81) - 1°62 
Albuminoid eF (0°08 to 0°39) - 0-18 
Nitric + nitrous ,, (00 to 1°59) - 0°52 
“Oxygen absorbed ” from permanga- 

nate in 4 hours at 26°7° C. (80° F.) 

(O:72dee-36) Dolwiousors) 1:41 
Incubator test (smell): 15 out of 20 samples 

passed. 


Percentage purification on the chance and 
hourly samples of sewage :-— 


Chance. Hourly. 


Per cent. Per cent. 


(a) Calculated on the albuminoid 


nitrogen - - - - 88 89 
(b) Calculated on the “ oxygen 
absorbed ” - - a ipgot 92 


Most of the Rugby 2nd Field effluents had a 
faint yellow tinge, due to organic matter ; they 
eontained but little floceulent suspended solids. 
The smell, when the effluents came to be 
analysed, was clean. The dissolved oxygen was 
practically 1] in most of the summer samples, 
and moderate in amount in those drawn in 
spring ; but in the latter it did not appear to be 
taken up rapidly between the times of drawing 
and of analysis—a good sign. The nitrate was, 
on the whole, deficient. The effluents were fair 
in spring, but not good in summer, when the 
concentration was rather greater (we had, how- 
ever, only six summer samples). The Rugby 
sewage is a strong one, hence the above purifi- 
cation is good relatively, but it does not go 
quite far enough. 


For details, see the Chemical Report on the 
Rugby Farm and the Section upon Soils in 
Part II. 





6225. 
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REMARKS. 





The sewage (mainly domestic) is distinctly 
strong, although not quite so strong as the 
sewage at Aldershot Camp and Nottingham. 


For a combined surface irrigation and filtra- 
tion farm Rugby was treating a large volume 
of sewage, more especially per acre of the 
“working” daily irrigable area, but also per 
acre of the total irrigable area. The sewage 
being strong, the farm was therefore treating 
in the aggregate a large quantity of organic 
matter, namely, about one-half the total amount 
which Cambridge treats (Cf. Diagram 5, Section 
II., Subsection 11). 

The soil and subsoil (heavy loam overlying 
stiff clay with gravel “ pockets”) is certainly 
not of an ideal kind for purifying a large: 
volume of sewage (compare Section II, Sub- 
section 13). It is advisable, however, to call 
attention here to the, method of treatment 
followed at Rugby, namely, the mixing of one 
volume of effluent from a larger plot of ground 
with an equal volume of sewage, and the passing 
of that mixture over a second smaller plot. 


The sewerage system is partially separate, 
but a large proportion of the storm water is 
treated on the farm. 


We consider that 42,800 gallons per acre per 
24 hours (8,500 gallons per acre of the total 
irrigable area per 24 hours) is too large a 
volume of a strong sewage to be treated by 
screening, settling, and surface irrigation (with. 
some filtration) on soil of the above nature. 


w2 




















96 
Remarks, as regards the foregoing Subsection. 


It was not to be anticipated either that the chemical and bacterio- 
logical results should always show a direct parallelism, or that the 
inferences to be deduced from the separate results should in all cases be in 
close agreement. Nevertheless, the tentative opinion previously expressed 
to the Commission, namely, that the chemical and _ bacteriological aspects of 
the problem of sewage purification are not mutually antagonistic, but rather 
related to and in sympathy with each other, does not appear to have been 
premature, or to have been disproved by the results of our independent 
analyses. 


Looking at the subject from separate points of view, we have come to 
the same conclusion, namely, that in the present state of knowledge the 
association of biology with chemistry is to be recommended in connection 
with the discharge of effluents into any streams, whether these be drinking 
or non-drinking water streams. In the former case (2.¢., discharge into a 
drinking water stream), we consider the bacteriological results of more im- 
portance than the chemical; but in the latter (discharge into a non-drinking 
water stream), the converse holds good, 2.e., the chemical results are of first 
importance. 


In the foregoing statement we have dealt with the subject chiefly from 
the point of view of non-drinking water streams. It follows, then, that’ in 
our conclusions, whenever any divergencies between the chemical! and 
bacteriological results, have occurred, our remarks have been largely governed 
by chemical considerations. Nevertheless, generally speaking, the chemical 
and bacteriological results have shown a fair degree of correspondence. 


Diagram 10. — 


Diagram 11. 
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2. Special comparison, [Compound Chemical and Biological curves ( for 
comparative purposes only.) | 


Diagram 10 illustrates, as regards the effluents from the eight principal 
sewage farms which have been under observation, the following points :— 





Pps ak! , _ ) Show, as regards total number of bacteria 
| (gelatine at 20° C., and agar at 37° C.); 
number of B. coli or coli-like microbes ; B. en- 

Diagram B - - - \ teritidis sporogenes; ‘‘gas”; and neutral red 

broth tests, the results of the bacteriological 

Divoram G0" | _ | examination of the effluents from the eight 


sewage farms kept under detailed observation. 


Diagram D shows a compound biological curve of doubtful value unless 
for comparative purposes. 


Diagram E is a compound chemical curve (approximate) which is given 


_ for purposes of comparison with the compound biological curve. It may be 





stated that diagrams D and E were constructed quite independently of one 
another. 


Since the diagrams include all kinds of effluents (¢.c., normal filtration 
effluents, filtration effluents from new — ?.¢., unmatured — land, surface 
irrigation effluents from treatment over one, two, and three fields, effluents 
from special experiments, etc.), they are not to be taken as representing in 
any way the purification effected at the different farms. They are merely 
given here for the above-mentioned comparisons. 





It may perhaps be easier to see similarities and dissimilarities in the 
compound chemical and bacteriological curves, if these are arranged 
according to the class of effluent, and not according to the consecutive 
numbers. We, therefore, append the curves made out in this way also, 
“blanks” being omitted (see Diagram 11, F-G). Further, the chemical 
results (F) are arranged in the inverse order of their purity for each class 
of effluent, the bacteriological results (G) in the corresponding samples 
being given. 


Following the diagrams are printed columns showing the nature of each 
individual effluent. 


Norr.—It may perhaps be well to call attention to the fact that the curves 
on the bacteriological diagrams are not true curves. 
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Remarks, as regards Diagrams 10 and 11. 


Diagrams 10 and 11 show, as regards the effluents from the eight 


sewage farms kept under detailed observation, the following points :— 


Diagram 10. 


iagram 11. 


D 





I. Diagrams A, B, and C show that a broad parallelism exists between 
the results obtained by the use of the following tests:—(1) Total number 
of bacteria (gelatine at 20° C., and agar at 37° C.); (2) number of B. 
coli; (3) B. enteritidis sporogenes test; (4) “gas” test; and (5) neutral 
red broth test. The agreement, however, is not so close as to make it 
desirable to draw conclusions from the use of any single test. At least 
two tests (preferably the B. coli and B. enteritidis sporogenes tests) 
should be applied to every sample. 


II. In Diagrams D and E the compound biological and chemical curves. 
respectively are brought into comparison. Both curves are approximate 
only, and of doubtful value unless for comparative purposes. 


III, In Diagrams F and G the chemical and_ bacteriological results. 


| are again compared, but in the modified way previously explained. 


Generally speaking the agreement is satisfactory, but the individual 
discrepancies are too wide and frequent to allow in all cases, and with 
regard to isolated samples, of (a) either the bacteriological results being 
taken as a safe indication of the amount and nature of the organic matter’ 
present ; (6) or the chemical results being considered a reliable measure: 
of the biological qualities of an effluent. 


Diagram I0 


Diagram showing as regards total number of bacterta. (Gelatine at 20°C. autlAgar 
at37C/number of B.colt; and B.Enteritidis Sporogenes ; gas” & new?ral red broth 
tests theresalts of the bacteriological examination of effluents of all. sorts 

trom the erght sewage farms kept under detailed obsevation; together with a 
compartsor bebveen the chemical & bacteriological results by means of “Compound 
Carves” which are intended for comparative purposes only. 
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3. Comparison between the Chemical and Biological results as regards 
albuminoid nitrogen and total number of bacteria. 


Diagram 12 shows, as regards albuminoid nitrogen and total number of 
bacteria (agar at 37° C.), a comparison between the chemical and biological 
-qualities of effluents from the eight principal farms which have been under 
-observation. 


The albuminoid nitrogen may be taken as representing, roughly, the 
organic pabulum on which the bacteria feed. 


Since the diagrams include all kinds of effluents (7.¢., normal filtration 
effluents, filtration effluents from new—+.¢., unmatured—land, surface irri- 
gation effluents from treatment over one, two, and three fields, effluents from 
special experiments, etc.), they are not to be taken as representing in any 
way the purification effected at the different farms. They are merely given 
here for the above-mentioned comparison. 


Following the diagrams are printed columns showing the nature of each 
individual effluent. 
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Remarks, as regards diagram 12. 


Diagram 12 shows that there is a broad parallelism between the curves. 
for (a) the albuminoid nitrogen and (6) the total number of bacteria (agar at 
37°C.). Nevertheless, neither (7) the chemical nor (4) the bacteriological 
analysis of isolated samples of effluent could be taken singly as necessarily ’ 
affording a reliable indication of either the total number of bacteria present, 
or the amount of albuminoid nitrogen, respectively. 


As already stated on page 96, we have come to the conclusion that in 
the case of drinking water streams chief reliance should be placed on 
the bacteriological results; that as regards non-drinking. water streams 
the converse holds true (ze. the chemical results are of primary 
importance); but that in nearly all cases there is an advantage in the 
association of both chemistry and biology in the investigation of the complex 
problems coming under the head of sewage purification. 


Diagram iz. 
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DIAGRAM Showing, as regards Albumincid Nitrogen & Total number of 
gar at 37 °C),a comporison between the chemical & btological 
qualities of Eff lyents frome Croydon Beddin ry) Aberinchare & Cancbridge Sewage Larms. 
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4.—Nature of each individual effluent given in the preceding diagrams. 


LEICESTER EFFLUENTS. 


Over one field. 
Over three fields. 
Over two fields. 
Over one field. 
Over two fields. 
Over one field. * 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
General effluent. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Surtace effluent. 
From arable field. 
Over three fields. 
General effluent. 
General effluent. 
General effluent. 
First field effluent. 


Second field effluent. 


Over three fields. 
First field effluent. 
Final effluent. 
General effluent. 
First field effluent. 
Final effluent. 
General effluent. 


NOTTINGHAM EFFLUENTS. 


ll 


12 
15 


16 - 


17 
110 
111 
113 
115 
116 
118 
119 
12] 


; | Filtration effluent | 
field which had been 


| heavily 
intentionally. 


- Final and general filtration 


effluents. 


4 


from | 


over - sewaged 


ADDITIONAL NOTTINGHAM HFFLUENTS, 


No. 14 - 
1DA 


oh 


”? 


19 


330 - 


331 
332 
333 
335 
336 
328 
339 
340 
34] 
343 
344 
346 
347 
348 


6225. 


Final effluent. 
Final effluent. 
Final effluent. 
Final effluent. 
Final effluent. 
General effluent. 
General effluent. 
Final effluent 
Final effluent. 
Final effluent. 
Final effluent. 
General effluent. 
General effluent. 
Final effluent. 
Final effluent. 
General effluent. 
Final effluent. 
Final effluent. 


| 





Special experiment. 


Special experiment. 








SoutH Norwoop EFFLUENTS. 


No. 22 
wel, 25 


5 roo 


” 26 
» 27 
» 29 
» 30 
» dl 
” 35 
if CE 
iy LOD 
ee a 
es 
» 180 


fon bSt 


muah 
» 184 
, 188 
, 186 
iY, 
. 188 
» 189 
, 190 
» 1 
» 192 
» 193 


|» 194 
bal Dag 


, 196 


Lae a 


. Ligigg 
, 199 


. 4, 200 


Over one field. 
Over three fields. 
Over one field. 
Over two fields 
Over one field. 
Over two fields. 
Over three fields. 
General effluent 
General effluent. 
Over two fields. 
Over four fields. 
Over one field. 
Over three fields. 
Over three fields. 
Over one field. 
Over one field. 
General effluent. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over two fields. 
Over one field. 
Over two fields. 
Over two fields. 
Over one field. 
Over two fields. 
Over two fields. 
Over one field. 
Over two fields. 
Over two fields. 
Over one field. 
Over two fields. 


CROYDON (BEDDINGTON) EFFLUENTS 


INO. ot 
saline 
39 
4] 
42 
43 
44 
, 150 
tint 
, 153 
154 
156 
157 
57159 
162 


jaa 164 


5, L64B 


5» 165 
a Lo 
eee 


omtie 
, 379 


E880 
389" 


387 
» 388 


tern 
386 - 


Over one field. 

Over two fields. 

Over three fields. 

Over one field. 

Over two fields. 

Over three fields. 

General effluent. 

Over one field. 

Over two fields. 

Over two fields. 

Over three fields. 

Over three fields 

Over two fields 

Over three fields. 

Over three fields. 

(Filtration effluent) over 
one field. 

(Filtration) over two fields. 

(Filtration) over one field 

(Filtration) over two fields. 

(Filtration) over two fields. 

(Filtration and irrigation) 
over two fields, 

(Filtration and _ irrigation) 
over two fields. 

General effluent. 

Final effluent. 

Final effluent. 

Final effluent. 

Final effluent. 

General effluent. 

Final effluent. 

Final effluent. 

General effiuernt. 

Final eftiuent. 

Fina! effiuent 

(General etHuent. 

General etHuent 

Final effluent 

Final effluents 








ALIERSHOT CAMP FILTRATION EFFLUENTS. 


No. 


49 - 
51-- 
52 - 
53 - 
55 - 
56 - 
82 - 
83 - 
84 - 
87 - 
88 - 
89 - 
246 - 
247 - 
304 - 
305 - 
307 - 
312 - 
313 - 
3144 
314B 
314¢ 
314D 
3145 
314F 
314H 
sli 
317A 
318 - 
318A 
318C 
318D 
318E 
318F 
319 - 
3194 
319¢ 
320A 
oo le 
SPAIN 
GW) ns 
3228 
322¢ 
323 - 
323B 
324 - 
324A 
395 - 
392 - 
394 - 
400 - 
391 = 
396 - 


398 - 
209 - 


ve 


404 - 
403 - 


Old land. 

Old land. 

Old land. 

Old land. 

Old land. 

Old land. 

Wew land (A). 
New land (A). 
New land (A). 
New land (A). 
New land (A). 
Old land. 

Old land. 

Old land. 

Old land. 

Old land. 

New land (B). 
New land (B). 
New land (B). 
Effluent, new land. 
Effluent, old land, 
Effluent, old land. 
Effluent, new land (B). 
Effluent, old land. 
Effluent, old land. 
Effluent, new land. 
New land (B). 


General effluent, old land. 


New land (B). 


General effluent, old land. 
General effluent, old land. 


Effluent, new land (B). 
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General effluent, old land. 


Effluent, new land (B). 
Old land. 


General effluent, old land. 


Effluent, old land. 


General effluent, old land. 


New land (A). 


General effluent, old land. 


New land (A). 


General effluent, old land. 


Effluent, old land. 
New land (A). 





General effluent, old land. 


New land (A). 


General effluent, old land. 


Final effluent 
Final effluent. 
Final effluent. 
Fina] effluent. 
Final effluent. 
Oia iand. 

Old land. 
Final effluent. 
New land (A). 


Final effluent. 





. 407 - - General effluent. 
408 - - Final effluent. 
390 - -. Old land. 

402 - - General effluent. 
406 - - Final effluent. 
ALTRINCHAM EFFLUENTS 

66 - - 

0 - - 

12. - 

76 - - 
Pik ~ | Ordinary 

| g ffluents. 
250 Cee 
251 = - 
952 = - 
253 - - 
254 - - 
255 - - 
267 - - | Percolation effluents from 
274 - -{ lagoons. | 
276 - - 
Ruapy EFFLUENTS. 

94 - - Over one field. 
96 - - Over two fields. 
98 - - Over one field. 
100 - - Over two fields. 
1032. - Over two fields. 
103 - - Over two fields. 
104 - - Over two fields. 
106 - - Over two fields. 
995 3 - Over two fields. 
926 - - Over one field. 
228 = - Over one field. 
229. - - Over two fields. 
230 + - Over two fields. 
Isa * - Over two fields. 
934 - - Over two fields. 
DIG - Over one field. 
D5 1s - Over two fields. 
I38 2 - Over two fields. 

CAMBRIDGE EFFLUENTS, 

PAN ay = s 
204 = 
205 = = 
207 - ‘ 

208 - - 

209 - : 

210 - —_- | Final and general filtration 
Milee = effluents. 

212 - - 

214 - - 

216 - - 

218 - - 

220 - - 


221 - - 


filtration 
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SECTION VIII. 





ENGINEERING AND PRACTICAL CONCLUSIONS, 





This heading is retained for the sake of completeness, although the 
subject matter has been (1) either sufficiently considered already under 
Sections II. and IV., or (2) will be covered by the General Conclusions 
given in Section [X., the notes in Appendix A, and, so far as detailed 
information is concerned, in Part IV. (Engineering and Practical 


Report). 
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SECTION IX. 


GENERAL CONCLUSIONS. 


The effluents from land processes of sewage treatment are not, from the 
bacteriological point of view, in a proper condition for discharge into drinking 
water streams (sce Part III., Bacteriological Report). 


The effluents from land possess a bacterial flora characteristic of sewage, 
and the microbes characteristic of soil (in the sense of being peculiarly abun- 
dant in soil) are relatively absent from land effluents (see Part IIL, 
Bacteriological Report). 


As a result of its treatment on land, and judged by the bacteriological 
tests employed in this investigation, sewage does not seemingly become 
modified in its biological characters to any material extent (see Part IIL, 
Conclusions). The bacteria, however, were reduced in number to a marked 
extent (see Part III., Bacteriological Report). 


The few samples of subsoil water collected in the neighbourhood of some 
of the sewage farms were usually found to be pure, both chemically and 
bacteriologically, but this, of course, must not be regarded as proving that 
wells sunk in such situations are safe for domestic use, or free from serious 
objection.* 


The samples of water collected above the effluent-outfalls, from the 
rivers into which the effluents from the several sewage farms are discharged, 
varied considerably. They would all have been condemned bacteriologically 
from the point of view of drinking water. Even from the point of view of 
non-drinking water streams their condition was not always satisfactory, either 
chemically or bacteriologically. Below the effluent outfalls the mixed liquid 
(river water and effluent) was, under the circumstances, usually not un- 
satisfactory (see Parts II. and III, Chemical and Bacteriological Reports). 
Generally speaking, the discharge of the effluents into the respective streams 
did not exercise any marked prejudicial effect on the water of the stream ; 
indeed, the reverse was sometimes observed. There seems to be no reason 
to doubt that the effluents from properly-managed sewage farms would, when 
discharged into non-polluted streams of relatively large volume, neither give 
rise to any nuisance, nor, so far as may be judged by rate of absorption of 
oxygen, prove injurious to fish. 


The samples of storm watery examined were almost invariably found to 
be most impure, both chemically and biologically. The samples of “ street 
washings” (separate system) were all impure biologically, notwithstanding 
that some of them were fairly pure organically from the chemical point of 
view and withstood the incubation test under laboratory conditions’ of 
experiment. The results, however, show that even when a street water is 
comparatively pure organically, it requires adequate settlement for grit, 
and, further, that the liquid may be very impure even after long-continued rain. 
The practical advantages of the separate system may be great, and 
doubtless storm overflows are necessary ; but the fact that storm liquids may 
be so impure, both chemically and bacteriologically, is a point of considerable 
importance (see Parts IJ. and III., Chemical and Bacteriological Reports), 





* Two years’ work by one of us on the chemical and biological qualities of the Chichester 
well waters showed that shallow wells sunk in polluted soil and subsoil may show, on searching 
bacteriological examination, unequivocal evidence of excremental and, therefore, potentially 
dangerous pollution. 

+ Asregards storm water, we draw here on the experience gained by the chemical and bacterio- 
logical examination of samples of storm water kindly sent us by Mr. Tatton from different places 
in the Mersey and Irwell watershed. These additional records are not given in much detail in 
this Report. 
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In defining the work done by land in purifying sewage, the usual way 
of speaking of ‘population per acre ” is open to the objection that the 
volume of sewage per head per day may, and does, vary to a considerable 
extent at different places, and that a large volume of sewage per head of the 
population does not aways mean a correspondingly weak sewage (see Rugby 
and Aldershot Camp). The best way, in our opinion, of recording the work 
done by land is to speak of the number of gallons of sewage (exclusive of 
storm water) treated per acre per 24 hours (a) on the “ working ve Varen, 
and (4) on the total irrigable area (working and “resting” areas), together 
with notes as regards the organic strength and other characters of the sewage, 
the amount of storm water dealt with on the farm, and the depth and 
quality of the soil and subsoil (see Section II. of this Report). 


The old terms “intermittent downward filtration” and “broad irriga- 
tion,” for the reasons previously stated, have been replaced by the terms 
‘“Jand filtration” and “ surface irrigation” (see Section II. of this Report). 


Special attention must be directed to the length of time some of the farms 
have been in operation (five of them for over thirty years), and to the fact that 
some of them have disposed satisfactorily of their sludge on the farm during the 
whole period of their existence as sewage farms. Further, that most of them, 
year by year, have been called upon to treat an increasing volume of sewage 
without corresponding enlargement of their irrigable area. There seems no 
reason to doubt that, with proper management, land can purify sewage fora 
practically indefinite period (see Section IT. of this Report). 


We are of opinion that sewage before it is applied to land should be effi- 
ciently screened and settied, unless it is already in a thoroughly disintegrated 
condition. Where the sewage is fresh, especially in the case of heavy clay soils. 
used as surface irrigation farms, this is very necessary. Porous sandy soils, 
however, worked as filtration farms, can in some instances without apparent 
detriment receive sewage in the raw condition, and some observers consider 
that their efficiency is, if anything, increased thereby. But there is always. 
the possibility of nuisance arising in this way. As regards chemically- 
precipitated sewage and sewage treated by artificial processes antecedent to 
delivery on land, our data are insufficient to pronounce a decided opinion ; 
but the views generally expressed by the witnesses called before the 
Commission are, no doubt, correct, namely, that land can deal directly with 
raw sewage, but it is better first to separate the solids mechanically ; and, if 
the sewage of a large town has to be applied to a limited area of land, it may 
be advisable first to treat it chemically, or to pass it through bacteria beds 
(see Section II of this Report). 


As regards trade refuse, the only two farms kept under observation, 
where trade refuse was present in any quantity in the sewage, were Leicester 
(2 domestic, + trade refuse), and Nottingham (4ths domestic, #ths trade: 
refuse). The effluents from Nottingham were remarkably good ; and those from 
Leicester fairly satisfactory, considering the available irrigable area, the: 
nature of the soil, the method of treatment, and the volume of sewage being 
dealt with. Nevertheless, we do not assume from this that trade refuse. 
(especially some kinds), if present beyond a certain proportion, may not. 
seriously inhibit, if not prevent, the purification of sewage by treatment on 
land. On this point several of the witnesses before the Commission spoke 
somewhat strongly from personal knowledge and observation (see Section Il. 
of this Report). | 7 


As regards the likelihood of sewage farms being dangerous to health, 
we can do no more than tentatively express the opinion that no convincing 
proof has yet been furnished of direct or wide-spread injury to health in the 
case of well-managed farms. It may be possible that the foul emanations. 
from a badly managed or over-sewaged farm constitute an indirect source of 
danger to health by lowering the vitality of weakly and susceptible 
individuals. 





_ * By “working” area is meant that portion of the total irrigable area which is actually 
being sewaged at one time. 
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Further, even sentimental considerations are not to be ignored in this 
matter, and the alleged depreciation in the value of house property due to the 
proximity of sewage farms is, if true, a serious question. We are, therefore 
of opinion that, subject to practical considerations, sewage farms in the 
neighbourhood of populous districts are liable to objection. in this 
connection the probably beneficial effect of a surrounding belt of shrubbery 
and trees has not, perhaps, been sufficiently recognised. As regards the 
produce from sewaged land, we are, on the whole, not in favour of sewage 
farms being utilised for the raising of crops for human consumption, however 
remote may appear the danger to health. But in respect of stock the 
ease is different; and although we think it a wise precaution to keep cattle 
off recently sewaged land, we see no reasonable objection to stock being fed 
on the produce of antecedently sewaged land. But whenever there is a 
likelihood of the spores of B. Anthracis being present in the sewage,* special 
precautions should certainly be taken as regards the grazing of animals on 
land “ treated ” therewith. : 


Although we are of opinion that sewage farms in general can never be 
expected to show a profit if interest on capital expenditure is included, the 
fact that in favourable seasons some of them can more than cover the work- 
ing expenses is a point in favour of cropping in connection with the land 
treatment of sewage. Moreover, in our opinion, cropping makes for puri- 
fication, given good management, a volume of sewage not out of proportion 
to the average area“under sewage at one time, and a suitably large “resting ” 
area. We are not in favour of sewage farms being let; unless the 
irrigable area is very large, a tenant must sometimes be placed in the 
awkward position of having to choose between damaging a crop on the one 
hand, and purifying sewage imperfectly on the other. 


It is impossible to lay too much stress on the importance of farms being 
well managed ; but in this connection we desire to state that farm managers 
have usually a most difficult part to play, and no amount of care and atten- 
tion will ever enable land, of any kind, to deal with a volume of sewage out 
of all proportion to the effective purifying area of the soil. We recommend 
that farm managers should be taught some simple test or tests to enable 
them to follow for themselves the operations of the land ; that their instruc- 
tions should be in writing, and should include a definite order to consider the 
farming results as quite secondary to “turning out” uniformly a satis- 
factory effluent ; that the statistics of the farm should be most carefully kept ; 
and that, wherever possible, the flow of sewage and of storm water should be 
gauged throughout the year. In the case of all large sewage works, perma- 
nent provision should most certainly be made for recording, by some reliable 
method of gauging, the daily flow of sewage. Meteorological observations 
re also of importance. For example, a comparison between the curves of 
the air and of effluent temperatures may afford a useful indication of the 
amount of filtration that is taking place on the farm [see Part IV. 
(Engineering and Practical Report) and Appendix A of this Report]. 


During the period of our investigations no opportunity occurred of 
watching the working of sewage farms during a prolonged period of 
exceptionally frosty weather. Nevertheless, on a number of occasions 
‘the weather was very cold, and the temperature of the air frequently sank 
below the freezing point. During these periods the ordinary working of 
the farm was not, so far as could be seen, seriously interfered with, and no 
lasting or marked deterioration of the effluents was observed. Although 
we are of opinion that temperature is a most important factor in purification, 
the range of temperature at which the bacteria concerned in sewage 
purification work is so wide that it can but seldom happen in this 
country that their vital activity is more than temporarily restrained. 





* Compare Report on the presence of Anthrax at Yeovil in (1) septic tank liquor; 
(2)*septic tank sludge ; (3) primary coarse coke bed; (4) secondary fine coke bed ; (5) general 
effluent from final catchpit in a hide factory ; (6) mud of river Yeo; and (7) mud of Yeo Brook. 
(See Second Report of Royal Commission on Sewage Disposal: 1902, Cd. 1178.) 
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Surface irrigation farms suffer most in this respect, although, if the 
frost is sufticiently prolonged, filtration farms may also become affected. 
As explained elsewhere, the temperature of the effluents from surface 
irrigation farms varies almost in direct correspondence | with the air 
temperature, whereas the temperature of the effluents from filtration farms 
is mainly governed by the temperature of the soil (see Part IV., 
Engineering and Practical Report). The witnesses examined before the Com- 
mission expressed on this subject the most contrary views, but we agree with 
those who stated that frost and snow do not usually prevent, although they 
may retard, purification of sewage by treatment on land. Nevertheless, we 
think that frost, if exceptionally severe and prolonged, may prove a serious 
hindrance to effective purification, more especially on surface irrigation farms 


We have already expressed the opinion that cropping may be advan- 
tageous. As regards the nature of the crops, cereals are, practically speaking, 
inadmissible on that portion of the irrigable area which at some time or 
other during the year’s working of the farm is meant to be sewaged. The 
best. crops are those which can be more or less continuously sewaged 
without detriment, ¢.g., quickly-growing plants like rye-grass, mangold-wurzel, 
prickly comfrey, etc. (see Part IV., Engineering and Practical Report). 


The question of storm water and fixed overflows is a most difficult one. 
Some of the witnesses examined before the Commission expressed the view 
that where storm water is to be dealt with on the land, the area of land 
required must be calculated upor the maximum volume of sewage that may 
be brought to the farm. Without in any way dissenting from this pro- 
position in the abstract, it may be pointed out that if provision were made for 
treating at any one time sewage and storm water equal in amount to six 
times the dry weather flow of sewage, and if the basis for calculating the 
area required for purifying storm water were the same as for ordinary sewage, 
the surplus irrigable area on all farms would have to be increased to a serious 
extent. At first sight a feasible proposition would seem to be to reckon 
the extra area of irrigable land on the theoretical volume of liquid in excess 
of the dry weather flow capable, as the result of storms (if no overflows 
were in existence), of being brought to the works during the year. Then, 
if the “resting” area of the total irrigable area of the farm were sufficiently 
large in relation to the “ working” area, any sudden fluctuations due to storm 
water could possibly be dealt with satisfactorily. But we do not know of any 
reliable way of calculating the yearly volume of storm water under the present 
unsatisfactory condition of matters as regards the absence, generally speak- 
ing, of apparatus to gauge by some efficient automatic method the daily flow of 
sewage throughout the year, Asa matter of fact, on most farms consider- 
able difficulty is experienced in dealing satisfactorily with the dry weather 
flow of sewage, and any jarge increase in the volume of sewage may mean 
the discharge into the river either of untreated sewage diluted with storm 
water, or of imperfectly purified effluents. The dry weather flow of 
sewage is reckoned on the flow during the whole 24 hours, but the 
difference between the maximum and minimum flow during the 24 hours is 
usually considerable. Hence, if a storm overflow be fixed at six times the 
average dry weather flow, it follows that during certain periods of the day 
a storm may cause the sewage to overflow with much less than an icrease 
of six times the flow during these periods, and further, that the overflow 
might not come into operation during certain periods of the night, although 
the storm water may have increased the then flow ten or more times. Yet 
the liquid in the former case must be more foul than in the latter case. Of 
course, it will be said that if the increase of flow during the night does not 
reach the overflow cill, there is no reason why it should not be treated on the 
farm. This may be true, but it must be remembered also that the ability of a 
farm uniformly to yield good effluents probably depends in no small degree 
on the comparative rest afforded the land during the night. 


Existing sewers are seldom large enough to carry off satisfactorily up to 
six times the dry weather flow of sewage, still less all the storm water in ex- 
treme cases, andif in the case of new sewerage schemes this were remedied, 
the cost would be serious, and the sewers would be large in relation to the dry — 
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weather flow of sewage, and disproportionately large in relation to the 
periods of minimum flow of sewage. Assuming, however, the possibility and 
practicability in all cases, of a volume equal to six times the dry weather 
flow being brought to the farm, we consider that the difficulty of treatment 
would be lessened by: (1) increasing the capacity of the settling tanks; 
(2) having a larger “resting” area (not, however, at. the expense of the 
“working” area, but by enlarging the total irrigable area); and (3) in 
particular cases by laying out portions of the land in special ways, ¢.g., lagoons, 
storm water filters, etc., which need not be described here, since these matters 
would be determined by the local conditions. 


The difficulty of treating storm water is largely an emergency one. As 
regards 1 and 2 above, by increasing the capacity of the settling tanks the 
effect of sudden fluctuations in the volume due to storm water would be in 
some measure controlled; the provision of a large “resting” area would 
tend to prevent, the normal “ working” area from being over-pressed during 
storms, as the former could be temporarily utilised to treat the increased 
volume of liquid. As regards (3), the subject is so wide, and depends so 
much on local circumstances, that it would be unwise to consider the matter 
further here. 


So far as our observations go, the effluents from sewage farms treating 
a large proportion of storm water do not deteriorate to any marked extent ; 
they may even show a temporary improvement during periods of wet 
weather. But during wet weather the normal working of the farm may be 
seriously embarrassed, and it is difficult to estimate the ultimate effect of 
storm water on the quality of the effluents. Moreover, it must be remem- 
bered that a storm water effluent from land may be as pure or purer than an 
ordinary effluent, but that if the total bulk of the storm water effluent is 
several times in excess of the normal volume, the effect on the river water 
may be the reverse of satisfactory. 


In this connection we desire again to emphasise the fact that neither 
chemically nor bacteriologically is mere dilution synonymous with purification. 
Granting the impracticability of treating more than a certain proportion 
of storm water, it should be definitely understood that storm water is 
diluted, not purified, sewage [see Parts II, III. and IV. (Chemical, 
Bacteriological, and Engineering Reports)], 


We have already expressed our opinion that the data available are ate of 
insufficient to enable us to give any definite statement as to the best rate of intermittency. 
intermittency either as regards filtration or surface irrigation farms. By 
“rate of intermittency ” is meant, of course, whether the alternate periods of 
working and resting the land should occur at short or long intervals. It is 
obvious that if the alternations be too frequent, the “resting ” area may not 
have time to recover its full purifying capacity before it is again sewaged, 
and, on the other hand, if the alternations be too infrequent, the “ working” 
area may be rendered sewage-sick ; meanwhile the “ resting” area would be 
lying idle, long after it had recovered its purifying ability. A competent 
manager finds out by experience the best way of working the farm under 
his care ; but it is desirable that the matter should be investigated experi- 
mentally, so as to enable certain general rules to be laid down for the 
preliminary guidance of persons responsible for the management of sewage 
farms (see Section IT. of this Report). 


As regards the ratios between (1) the total irrigable area and the total Ratios of (1) total 
acreage, and (2) the “resting” and “working ” areas of the total irrigable irrigable area and 
area, we have previously pointed out at some length that the first considera- yrs oa 
tion is to have (a) the “working” area (ze. the area under sewage at one ‘working pens 
time) large enough to purify efficiently the whole volume of sewage of the total irri- 
which is being treated. Secondly, that (b) the “resting” area should be gable area. | 
greater in the case of surface irrigation farms than for filtration " 
farms. The ratio of (a) to (b) at Beddington was 1 in 6, and at Notting- 
ham 1 in 2. Without venturing to lay down any fixed rule, we think that 
a ratio of about 1 in 5 and about 1 in 3 as regards surface irrigation and 
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filtration farms, respectively, is desirable ; but the above statement is based 
on too limited a number of observations to be of much value. A large 
“resting ” area is especially necessary when much storm water is treated on 
the farm. Thirdly, that the surplus acreage (that is, the area representing the 
difference between the total irrigable area and the total acreage) should be 
ample. At Altrincham the surplus acreage was 53 and at Rugby 
12 per cent. At the present time Altrincham is taking advantage of its 
relatively large surplus acreage, and is laying out a portion of it as an 
addition to the irrigable area (see Section Il. of this Report). 


As regards the respective advantages and disadvantages of separate 
and of combined sewerage systems, reference must be made to Section II. 
(particulars relating to each of the eight sewage farms kept under detailed. 
observation). We may, however, again point out that the liquid carried 
away by the separate system is not, so far as our few analyses go, in a fit 


state to be discharged without treatment into any river. 


The witnesses examined by the Commission as to suitability of 
different soils expressed very divergent views, some of them considering 
certain kinds of soil quite unsuitable, while others were of opinion 
that any kind of soil is capable of purifying sewage. Nearly all of them 
were agreed that light sandy loam overlying gravel and sand was the best 
type of soil for the purpose, while chalk, clay, peat and water-logged soils 
were regarded as either less suitable or as aitogether unsuitable for sewage 
purification. 


Upon this point we may, at the risk of repetition, shortly summarise 
our own experience. 


A.—Filtration. 


1. Excellent results can be obtained from light loamy soil overlying a 
porous subsoil. 


2. A sandy soil and subsoil are also capable of yielding good results. 
3. The same may be said of a partially peaty soil overlying gravelly sand. 
4. Peat pure and simple is not well adapted for sewage purification. 


5. With regard tu Chalk, we can hardly speak with confidence, more 
data being required. The few (artificially obtained) effluents which we 
examined from a chalk farm had percolated in about a minute and a_ half 
through approximately 3 feet of chalk (from which the surface soil had been 
removed); in so doing they had undergone comparatively little purification 
organically, although the liquid in its passage dissolved out a large quantity 
of nitrate—the product, no doubt, of the oxidation of sewage matter* run on at 
a previous time. The purification would, of course, have been better had the 
surface soil also taken its part. But the above very rapid rate of filtration 
of sewage through the fissured chalk emphasises the necessity for carefully 


considering any possible connection that may exist between a sewage farm 
on Chalk and a water supply. | 


B.—Surface Irrigation and Combined Surface Irrigation and 
Filtration Farms. 7 


_Heavy loam and clay soils, although not so well suited for sewage 
purification purposes, may, in our experience, yield fairly good effluents if 
the volume of sewage treated per acre is relatively small. 


_ Thus, almost any kind of soil can be used for the purposes of sewage puri- 
fication, provided, of course, that the volume is proportionate to the purify- 
ing capacity of the soil in question. In certain cases, no doubt, this volume 
would be so smatl’as to render the particular method of treatment imprac- 
ticable, but where the line should be drawn it is difficult to say. The price 








* Whether this nitrification had gone on solely in the surface soil or also in the chalk itself 
we cannot say. 
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of land and other local conditions must needs influence this question of 
practicability. We are far from advocating the treatment of sewaye upon 
land which is, practically speaking, not well suited for the purpose, but this 
does not invalidate the truth of the proposition, that the matter is nearly 
always one of degree of suitability, and seldom one of intrinsic disability. In 
reference to this, we would lay stress on the good quality of the best 
effluents obtained from all the eight sewage farms kept under detailed 
observation. | | 


~ <A divergence also showed itself in the opinions of witnesses with respect 
to the question of population and of volume of sewage allowable per acre. 
Some of them considered that the maximum limits should be 5,000 gallons 
per acre per 24 hours for an irrigation farm, and 30,000 gallons for a filtra- 
tion farm. Allowing 40* gallons of sewage per head per day, this works 
out to 125 and 750 persons per acre respectively. On the basis of population, 
other witnesses gave 100 to 1,000 persons per acre as the working limits, the 
number varying with the process of treatment adopted, the nature of the 
soil, and other factors. Converted into volumes of sewage per head per 
24 hours (at 40 gallons per head), this gives 4,000 to 40,000 gallons per 
acre. 


Others, again, suggested the following figures for population per acre :— 


Sewage after 

preliminary 

treatment on 
bacterial filters. 


Precipitated 
or mechanically 
settled sewage. 


Crude sewage. 


Surface irrigation - 50 to 100 100 to 500 300 to 1,000 persons 
per 
Filtration - - - — 15 to 150 200 to 500 400 to 1,000 { acre. 


Again assuming 40 gallons of sewage per head per day, the above figures 
may be expressed thus :-— 


Gallons of sewage 
per acre after 
precipitation or 

settlement. 


Gallons of crude 
sewage per acre direct 
on to land. 


Gallons of sewage 
per acre after 
bacterial filters. 


Surface irrigation - - 2,000 to 4,000 4,000 to 20,000 12,000 to 40,000 


Filtration = - - - 3,000 to 6,000 8,000 to 20,000 16,000 to 40,000 
Broadly speaking, therefore, the various witnesses examined placed the 
extremes at 50 persons or 2,0007 gallons per acre per 24 hours, and 1,000 


persons or 40,000 gallons per acre per 24 hours. 


Taking the eight principal farms kept under detailed observation for 
the Commission :— 


1. As regards population, it is to be noted that, as previously explained 
in Section II, and again set forth in the table which follows, the filtration 
farms were dealing with the sewage of 166 persons (Aldershot Camp) to 
675 persons (Cambridge) per acre ; and the combined surface irrigation and 
filtration farms with the sewage of 138 persons (South Norwood) to 238 
persons (Beddington). 


2. Taking volume alone, (a) the gallons of sewage actually being treated 
per acre of the “working” irrigable area per 24 hours varied from 23,300 
(Nottingham) to 121,400 (Cambridge) in the case of filtration farms, and from 








* This figure of 40 gallons is taken because it was the average volume at the eight principal 
sewage farms kept under observation. According to some statistics collected recently by our 
colleague, Mr. Colin C. Frye, it is probably not far from the mean for towns and cities with a 

opulation of 10,000 to 100,000, and over, though much too high for small towns and villages. 
It is brought forward here for comparative calculations only. 

ple is difficult to see how this small volume could be satisfactorily spread over an acre of 

ground. 
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Volume of 
sewage per acre. 
Population 

per acre. 


Comparative 
figures. 


12,000 (South Norwood) 
surface irrigation and filtration farms. 
hours on the total irrigable area (“working 
varied trom 8,300 (Aldershot Camp) 
d from 4,000 (South Norwood) to 9,500 (Bedding- 


per acre per 24 
areas together) 
in the filtration farms, an 
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ton) in the combined surface irrigation and filtration farms. 


to 57,100 (Beddington) in that of the combined 
(4) The gallons of sewage treated 
” and “resting” 
to 30,400 (Cambridge) 


The following table gives all those figures for the eight sewage farms:— 



































Gallons of 
Sewage treated 
Gallons of per acre per 
_ Method Population! Sewage (ex- | 24 hours on 
clusive of jtheassumption 
Sewage Farm. of per acre | storm water) | that each acre 
treated per of the irrigable 
Treatment. irrigated. | acre per 24 | areais under 
hours. Sewage all ~ 
the year 
round. 
Cambridge te bee a Screening, settling 675 121,600 30,400 
(mainly domestic sewage ; sandy tanks and land 
loam overlying gravel and sand) . filtration 
2 | Nottingham... ss; =. ... | Sereening (partial) 397 23,300 10,750 
E (mixed sewage; light sandy loam and land filtra- 
& and gravel, overlying gravel and tion 
qd sand) 
eh) 
3 |Altrincham. .. .. a. | Settling tanks and 514 46,000 23,000 
s (domestic sewage ; peaty soil lying land filtration 
fe upon sand and gravel) 
Aldershot Camp os ote ... | Sereening, settling 166 25,000 8,300 
(purely domestic sewage; sandy tanks and land ; id 
soil and subsoil) filtration 
Beddington (Croydon)... ce ... | Screening, combined 238 57,100 9,500 
(mainly domestic sewage ; gravelly surface _irriga- 
loam over gravel and sand) tion and filtra- 
tion 
5 ; 
$s Rugby. ... BA ee “0 ... | Sereening, settling 171 42,800 8,500 
bp & (mainly domestic sewage; heavy tanks, occasional 
iH 5 loam overlying stiff clay) precipitation, 
me combined surface 
Q irrigation and 
Sot filtration 
EE 
n= | Leicester... basen ee ..  «. | Sereening, settling 146 21,500 5,370 
res ft (mixed sewage; stiff clay soil over- tanks, combined 
ta) lying dense clay) surface _ irriga- 
he tion and filtra- 
tion 
5 
South Norwood... Be oe ... | Sereening, settling 138 12,000 4,000 
(purely domestic sewage; clay tanks, combined 
soil resting on London clay) surface _ irriga- 
tion and filtra- 
tion 


But a comparison of such figures as are given in the foregoing tables 


merely brings into further relief the need for fortifying with additional data 
the terms “filtration,” “broad irrigation,” ‘method of treatment,” ete. 
which, taken alone, are insufficient. Thus, (1) when “filtration” is spoken 
of, it should be supplemented by notes of the depth of soil and subsoil, of 
their mechanical composition, their water-holding capacity, and, if possible, 
of the average rate of filtration of water through them. (2) “Broad 
irrigation” is clearly very different in degree when carried out over a 
shallow clayey soil resting on a stiff clay and on a fairly deep porous 
soil. The nature, depth, and mechanical composition of the respective soils 
are again wanted here. (8) The character and strength of the sewage to be 
treated should be ascertained, and the relative amount of organic matter 
which it is proposed to treat per acre might advantageously be plotted 
out (as in diagram 5). If a sufficient number of such instances were 
available for reference, the purifying capacity of a given soil for a 
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sewage of given strength ought to be deducible with a fair approximation 
to accuracy. i 


While our own investigations have not been sufficiently comprehensive 
to allow of any very definite conclusions being drawn with regard to these 
points (or with regard to the best ratio between the “working” and “resting ” 
areas and the rate of intermittency), we can show the results obtained with 
certain soils, of which the mechanical composition has been experimentally 
determined, when treating sewages of known volume and strength under 
definite conditions of working. 


A short summary of the results, as regards sewages and effluents, 
is given in the joint tables (chemical and bacteriological) of Section VIL, 
while the particulars relating to the various soils are to be found in Section 
IL, Sub-section 13, of this Report, and more fully in Part IL, the 
Chemical Report. 


The chief notes in this connection may be summarised as follows :— Summary. 


In the first place, the best kind of soil for filtration purposes (e.g., light 
sandy loam overlying gravel and sand) can certainly purify to a remarkable 
extent, at the rate of 25,000 gallons of a strong mixed sewage per acre per 
24 hours (a) at a given time ; and over 10,000 gallons per acre per 24 hours (0) 
on the year’s working of the total irrigable area (see Nottingham). Further, 
under (a) and (0) sets of conditions, over 100,000 and over 30,000 gallons 
respectively of a rather weak sewage can be purified to a fair although not 
to an altogether satisfactory extent (see Cambridge). 


Secondly, with soil less well suited for filtration purposes (e.g., sand and 
partially peaty soil lying upon sand and gravel), from about 25,000 to 46,000 
gallons of sewage per acre per 24 hours (a) at a given time; and from about 
8,000 to 23,000 gallons per acre per 24 hours (>) on the year’s working of 
the total irrigable area, can be treated so as to yield effluents fairly good, but, 
on the whole, not quite satisfactory (see Aldershot Camp and Altrincham). 


Thirdly, with soils passing from gravelly loam to heavy loam or clay, all* 
being worked as combined surface irigation and filtration farms, from 
about 12,000 to 57,000 gallons of sewage per acre per 24 hours (a) at a 
given time ; and from about 4,000 to 9,000 gallons per acre per 24 hours 
(6) on the year’s working of the total irrigable area can be treated so as to 
yield effluents moderately good, but still not altogether satisfactory (see Bed- 
dington, Rugby, Leicester, and South Norwood). 


To summarize all our results within the limits of a few sentences is 
impossible, but we may say in conclusion, and speaking in general terms, 
that we doubt whether even the most suitable kind of soil worked as a 
filtration farm should be called upon to treat more than 30,000 to 60,000 
gallons per acre per 24 hours at a given time (750 to 1,500 persons per acre) ; 
or more than 10,000 to 20,000 gallons per acre per 24 hours, calculated on 
the total irrigable area (250 to 500 persons per acre). Further, that soil not 
well suited for purification purposes, worked as a surface irrigation or as a 
combined surface irrigation and filtration farm, should not be called upon 
to treat more than 5,000 to 10,000 gallons per acre per 24 hours at a given 
time (125 to 250 persons per acre); or more than 1,000 to 2,000 gallons 
per acre per 24 hours, calculated on the total irrigable area (25 to 50 
persons per acre). It is doubtful if the very worst kinds of soil are capable 
of dealing quite satisfactorily even with this relatively small volume of 
sewage. The population per acre is calculated on 40 gallons of sewage per 
head per day. It is here assumed that the sewage is of medium strength, 
and is mechanically settled before going on to the land. 


Comparing the above figures with the volume of sewage capable of being 
treated by artificial processes, we note that the witnesses examined by the 
Commission generally expressed the following opinion :— 


Contact beds.—-750,000 gallons per acre per 24 hours, allowing for periods - 
of rest, but not for secondary treatment. Allowing one acre of secondary 
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bed for every two acres of primary bed, about 500,000 gallons per acre per 
24 hours could according to this view be finally treated. It is assumed 
always that the sewage has been previously treated either by chemical 
precipitation, or by subsidence in settling tanks, or in a septic tank. 


Continuous filters—About 484,000 to 2,904,000 (4,840,000 according to 
one witness) gallons per acre per 24 hours. Previous treatment by chemical 
precipitation, or subsidence in settling tanks, or in a septic tank is assumed. 


Apart from the question of the quality of the effluents, it is obvious that, 
generally speaking, a larger volume of sewage can be treated by artificial 
bacteria, bed processes than by land. | 


on 
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APPENDIX A. 
MANAGEMENT OF SEWAGE FARMS. 


There can be no doubt that even the best of sewage farms, with the 
most suitable soil, will under continued bad management fail to turn out a 
satisfactory effluent. 


The question of whether or not a particular farm is going to purify 
the sewage efficiently depends mainly upon the manager, assuming, of course, 
that the farm has been properly laid out in the first instance, that it has a 
reasonable volume of sewage to treat, and that the manager has (within 
certain limits) a free hand in the supervision of sewaging operations. The 
fact, however, must not be lost sight of that he has often a most difficult 
post to fill, especially with regard to the crops. The effectual purification of 
sewage, even with suitable land, can only be accomplished when the farming 
operations are relegated to the background and the production of a good 
effluent considered of primary importance. On the otber hand, the manager 
knows that the crops will probably form an important item in his receipts at 
the end of the year, and he not unnaturally wishes it to appear that the farm 
is being worked economically under his supervision. Hence there is 
a temptation to grow remunerative crops, ¢g. cereals, that cannot be 
sewaged (at all events for the greater part of the year), or to refrain from 
the further sewaging of crops which may be damaged thereby ; meanwhile 
the land which is under sewage must needs yield, owing to the lack of rest, 
increasingly unsatisfactory effluents. There may of course be some farms 
where the large area at command in proportion to the volume of sewage to 
be “treated” renders the growing of grain crops justifiable, but, these are 
exceptions to the general rule. Land is usually too expensive in the 
immediate vicinity of towns to allow of this, and the tendency is to take 
too little rather than too much land for a sewage farm. 


Speaking generally, large farms are better managed than small ones, 
this being in great measure due to the fact that the salary attached to the 
latter does not always offer sufficient inducement to a competent man to 
undertake the duties. In many instances there are small districts fairly near 
together, each with its own sewage farm. In such cases a combined scheme 
would appear to be advantageous; by adopting this course an adequate 
salary could be paid so as to secure an efficient manager, while the annual cost 
of treating the sewage would also be lessened. On the other hand, it is 
possible to have a sewage farm so large as in a sense to be unwieldy. 


It seems desirable that managers should employ day by day some 
simple chemical test or tests to enable them to follow the results of the 
working of the farm to the best advantage. It is probable that attention to 
this point would do much to foster the desire on their part to turn out the 
best effluent possible, at the expense, if necessary, of the crops. This question 
is raised quite apart from the larger one of appointing a qualified chemist in 
connection with all large sewage disposal works. 


In the case of a new farm it would seem advisable, if practicable, 
that the prospective manager should be on the spot while the works were 
being carried out, as he would thereby obtain an insight into details whick 
otherwise it might take him some time to discover (¢g., the nature of the soil 
and subsoil on different parts of the farm, as disclosed by drainage opera- 
tions). In connection with this, it may be remarked that the soil and 
subsoil are rarely uniform in nature throughout a farm, and that therefore 
the various plots cannot all take the same quantity of sewage. 
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We are unable to recommend the abandonment of farming operations 
even in connection with filtration sewage farms, because, if intelligently 
pursued, they make for profit with increased efficiency of the land. 
The farming operations, however, should always be under the control 
of the authorities responsible for the proper working of the farm, and 
the manager should receive written and explicit directions to regard the 
crops as of secondary importance to the uniform and satisfactory purification 
of the sewage. 


It would be invidious to attempt to arrange in order of the excellence 
of the management the various farms, which by the courtesy of the Local 
Authorities and their Officers we have been enabled to keep under 
observation, but Nottingham Sewage Farm cannot be passed over’ without 
special comment. There can be no question that here the excellent 
management of the farm largely contributed to the remarkably good quality 
of the effluents. 
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Diagram 2, Sample 474. The centrifuge figure should be 258, not 158. 
Diagram 5, Sample 303. The centrifuge figure should be 228, not 328. 
Diagram 11, Sample 276. The centrifuge mark should be deleted. 


Diagram 17 Sample 443. The centrifuge figure is 356, 
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REPORT 


TO THE 
ROYAL COMMISSION ON SEWAGE DISPOSAL, By Dr. McGOWAN, 
ON LAND-TREATMENT OF SEWAGE. 





INTRODUCTION. 


In the following Chemical Report upon the Land Treatment of Sewage, the 
eight principal farms of which a more or less detailed study has been made for the 
Commission are taken in alphabetical order, but for purposes of comparison they may 
be divided roughly into the two following groups, viz. :— 


A.—Filtration Farms. 

Aldershot Camp. 

Altrincham. 

Cambridge. 

Nottingham. 

Croydon, Beddington (a small part of the farm). 
B.—Surface Irrigation Farms (1.e., mainly Surface Irrigation). 

Croydon, Beddington (the greater part of the farm). 

Rugby. 

Leicester. 

South Norwood. 


The individual farms in each of these two groups are more or less comparable with 
one another. 

Following these principal farms, again in alphabetical order, come those other 
farms at which only a comparatively small number of observations were made. 

The sectional arrangement adopted is the same throughout, viz., the Report on 
any one farm is followed by the Tables of Analysis on which that Report is based, 
and these in their turn are succeeded by diagrams which give the curves of the more: 
important analytical figures in (a) the sewages; (0) the effluents ; and (c) the brook or: 
river waters at the farms. The diagrams are confined to the eight principal farms,,. 
the others having merely Report and Table of Analysis. 

Further, to facilitate a comparison of the results obtained at different places,. 
the arrangement of the matter is as far as possible the same throughout this Report.. 
After briefly indicating the system followed at a farm—these notes being for the most. 
part taken from the corresponding Engineering Report*—there are given the figures 
of the mechanical analysis of the soil and subsoil, and after that the sections dealing 
with sewage, effluent, and river water respectively. 

In the Tables of Analysis the samples follow one another as far as may be in 
numerical order, excepting that the hourly sewage samples always come at the 
beginning and the brook or river waters always at the end. Strict adhesion to this 
order was, however, impossible, for reasons which are at once apparent on consulting 
the index prefixed to each Table of Analysis. 

Besides these regularly recurring sets of samples, the Tables of Analysis also. 
contain the figures obtained from the examination of a few subsoil (or well) waters, 
surface street washings, and “artificial storm waters,” all of which are referred to: 
either in one or another of the Farm Reports or in the Summary of Conclusions at 
the end of the whole. 

Mr. Kershaw’s “ Notes on Samples,” which are to be found in the Engineering 
_ Report* under the respective farms, describe in a few words the conditions under 
which any particular sample was drawn; they should, therefore, be referred to by 
anyone who studies the Tables of Analysis. 





* Part [V. Engineering and Practical Report, by Mr. G. B. Kershaw. 
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2. 

All details referring to methods of analysis are discussed in a separate Report on 
the subject.* It is therefore only necessary to explain a few of the points very 
briefly here. mor, a 

All the figures given in the Tables of Analyses are expressed in parts per 100,000, 
by weight, excepting those referring to (a) solids (7.e., mud) as determined by the 
centrifuge, which are in parts per 100,000, by vodwme, and (b) those referring to 
dissolved gases, which are in parts per 1,000, by. volume or o.c. per litre. (at normal 
temperature and pressure). Further, the various nitrogen compounds are all 
expressed in terms of nitrogen, so as to be directly comparable with one another. 
This was the system which was recommended a few years ago by a joint committee 
made up of a committee appointed by the British Association to report upon the 
subject and a representative of the Commission. It would be a great convenience 
if this mode of expressing results were generally agreed to and adopted by chemists 
throughout the country and by managers of sewage farms or works, as such a course 
would greatly facilitate the reading and comparison of reports. ? 

In every case, excepting where it is otherwise specified, the whole sample of a 
sewage or effluent—.¢., liquid and solid together—has been taken for analysis. In 
the case of sewages it is this muddy liquid which the land has to treat, and in the case 
of efiuents it is the resulting mixture (supposing suspended solids are present) which 
runs into brook or river. The point was carefully considered by the Commission at 
the time when systematic chemical work was begun for them, and the conclusion was 
arrived at that it represented better the actual state of affairs to analyse an effluent 
as it was actually discharged than to allow it to settle and then analyse the clear 
liquid. This, however, is subject to the slight modification in the case of effluents 
that the small amount of clear liquid required for the determination of dissolved 
oxygen by the copper chloride method (about 70 c.c. out of a total of 1,200-1,300 c.c.) 
was removed prior to shaking up the bulk. The effect of this would be to increase 
very slightly the apparent impurity in the effluent, but in most cases this increase 
would be so small as to be of no moment whatever. 


Many more analytical data have been accumulated in the course of this investi- 
gation than are actually necessary for judging the character of a sewage or an 
ettluent ; that is to say, no one who has had experience in the matter would think of 
suggesting such detail in analysis for the daily conduct of a sewage work or farm. 
But in this instance it was thought well to carry on a number of different tests along- 
side of one another, in order to see how far they agreed or the reverse, and also in 
order that one estimation might act as a check upon another. 


In some cases double analyses of the same sample (either from the same bottle 
or from two separate bottles) by two different workers are given. It so happened 
that when most of these double analyses were made there was some trouble from 
“albuminoid” ammonia in the distilled water. But, even allowing for this and for 
differences in sampling, there were some marked decrepancies in the analyses ; how- 
ever, most of the figures are given. They at least serve to indicate the desirability 
for an understanding among chemists with regard to more or less definite methods of 
analytical procedure. t 


The term “corresponding” samples must be taken with reserve. Anyone who 
has had experience in drawing samples at sewage farms will at once appreciate this. 





With regard to the actual analytical procedure itself, a few points may be referred 
to here :— 


1. By ‘jointing ” is meant putting a mercury seal upon the neck of a bottle 
containing liquid, in order to prevent ingress of air, the bottle being afterwards 
allowed to stand at laboratory temperature. When a sample was incubated, this was 
always done for 5 days (or more) at a temperature of 26°7° C. (80° F). 


2. The term “sweet,” which is often used to describe the condition of a sample 
after incubation, means that the liquid had a clean smell. 


3. Excepting where it is otherwise stated, ammoniacal nitrogen has been 
determined in the ordinary way by distillation. While in certain cases an approximate 
determination of ammonia by direct nesslerization of the liquid is of distinct use, we 
have not as arule been able to get good quantitative results in this way, partly, no 
doubt, because of the comparatively large amounts of lime in most of the effluents 
tested. 

* Fourth Report of Royal Commission on Sewage Disposal: Vol. IV., Part V.—Report to the Commission 
by Dr. G. McGowan, Mr. R. B. Floris, and Mr. R. 8. Finlow on Methods of Chemical Analysis as applied to 


Sewage and Sewage Effluents. 
+ Cf. Report on Methods of Chemical Analysis (Part V.). 
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4. (w) The earlier estimations of organic nitrogen by the (indirect) method of 
Kjeldahl, with reduction, were not always so good as the later ones, the process being 
gradually improved in small details as time went on. In the earlier samples, too (up 
to No. 226c), a small correction had to be made here for nitrite when the latter 
was present, though this correction was usually negligible. When the total organic 
nitrogen, determined in this way, came out as low or slightly lower than the albu- 
minoid nitrogen, the figure for the latter has been taken as representing the organic 
nitrogen, though in all probability it is too low. The method being an indirect one is 
not applicable to very pure effluents, but on the other hand it is suitable for sewages, 
tank liquors and ordinary effluents, and it has the further great advantage of giving 
the figure for the total nitrogen present. It was intended to make a number of con- 
current estimations of organic nitrogen by this method and by that of Frankland and 
Armstrong, but time did not permit of enough of these being done for a fair com- 
parison. 


(6) In the Kjeldahl method, without reduction, the organic nitrogen was arrived at 
by deducting the ammoniacal from the Kjeldahl nitrogen obtained by simple evapora- 
tion of the liquid with sulphuric acid (the determination of albuminoid nitrogen not 
being taken into account here). The results obtained by this latter method were very 
variable, probably for the seasons given under “ Methods of Analysis.” It appears, 
however, to be fairly applicable in certain cases (cf the various Farm Reports). 


5. The “ oxygen absorbed” test with permanganate was done throughout at a 
temperature of 26°7° C. (80° F.), approximately, with a strong permanganate solution 
(3°94 grammes per litre), 


6. Incubator 1est.—<As is seen by a reference to the separate Farm Reports and 
the Tables of Analysis, the effect of the Incubator test was judged in two ways, 
viz., (@) as Mr. Scudder does it—z.e., by the difference in permanganate required 
before and after incubation at 26°7° C. (80° F.), and (6) by smell. The results show 
that Mr. Scudder’s test was rather the more stringent of the two; at the same time, 
perhaps qualifying this, it has to be borne in mind that the error of experiment here 
is rather greater with the “at once” than with the “3 minutes’” test, and with 
strong than with weak permanganate. 


7. Smeli of Effuents.—Attention should be paid to the smell of an eftluent when 
it is drawn, for it may in certain cases smell of sewage and yet contain a sufficient 
reserve of nitrate to keep it sweet upon incubation. Still, such an effluent would take 
up dissolved oxygen from surrounding water somewhat rapidly, and hence it cannot 
be considered as properly purified. 


s. Pure cellulose—z.¢., the cellulose molecule—is not affected by acid per- 
manganate, hence the ‘oxygen absorbed” test takes no account of any cellulose 
present ina sewage. For this reason the determinations of “cellulose ” in the hourly 
samples of sewage are of considerable interest. As explained in detail in the Report 
upon Methods of Analysis* (which see), the figures obtained do not represent pure 
cellulose, but they are comparable with one another. 


: 9. The volumetric determination of solids by the centrifuge is explained under 
‘Methods of Analysis.”* It is therefore only necessary here to remark that 
the “centrifuge solids” are really muds containing a large quantity of water. It 
will be seen that in an average settled sewage the volume of 1 gramme of suspended 
solids, as measured by the centrifuge, is about 6 to 7 c.c. ; but the solids in the Alder- 
shot Camp settled sewage were less flocculent than this, 1 gramme occupying a 
volume of about 5 c.c. In effluents which contain solids in suspension these are 
usually very flocculent also, but we have not sufficient data for an exact comparison 
here. 


10. In those cases where the suspended solids of a sewage were examined and 
measured under the microscope, this was done with the sample which had been 
rendered uniform for analysis, the solids being therefore to some extent disintegrated. 


11. For the determination of dissolved oxygen the earlier samples were boiled 
out, and the figures are to be taken as accurate, excepting that there was a very slight 


* Report on Methods of Chemical Analysis (Part Y.). 
D 6225 A2 
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aeration up to sample No. 30 when filling the liquid into the boiling-out flask (this 
is practically negligible). In the later determinations the copper chloride method was 
used, in order to save time, but the results obtained by it are to be regarded as oniy 
very approximate in the case of coloured or turbid effluents ; in: some cases, too, the stan- 
dard tubes were allowed to get too old (for details, see the respective Farm Reports 
and also “Methods of Analysis”). The significance of the actual quantity of dis- 
solved oxygen in an effluent at the time of drawing may vary ; it may mean much or 
little, according to circumstances. But the rate at which this is diminished between 
the time of drawing and analysis, or, to put it more generally, the rate of absorption 
of dissolved oxygen by an effluent is of fundamental importance, and this has been 
discussed in the section dealing with standards (see page 325). 


12. With regard to the figures giving the numbers of particles in one gramme of 
soil, the number of the particles of organic matter present not being known, they have 
been neglected ; hence both the total numbers of particles and the relative numbers 
refer to one gramme of ignited soil or subsoil. The same applies to the figures for the 
number of particles in one cubic centimetre of soil (cf p. 293, first paragraph). 


The question of standards of purity for effluents is dealt with in the Summary of 
Conclusions at the end of this Report, and reasons are given there why no fixed stan- 
dard has been specified in the meantime; at the same time the considerations on 
which weight has been laid in judging the quality of the various effluents are detailed. 
Since, however, reference is frequently made to the well-known ‘oxygen absorbed ” 
test, it should be borne in mind that this test has been throughout done for the 
Commission at a temperature of 26°7° C. (80° F.) with a rather strong permanganate 
solution (of the strength used by Mr. Dibdin), instead of at the lower temperature of 
15°5° C. (60° F.) and with the weaker solution of permanganate which is generally 
employed. As done by us, therefore, the test is more stringent.* Reference is also 
frequently made, again for purposes of comparison, to a modification of Dr. Rideal’s 
method of judging an effluent (according to the ratio of oxidised to unoxidised 
nitrogen in it), z¢, to the ratio between oxidized nitrogen on the one hand and 
albuminoid and total organic nitrogen on the other. In the Summary of Conclusions 
reasons are adduced for favouring the adoption of a standard based—in great part 
at least—upon the rate of absorption of dissolved oxygen by an effluent. 


For the convenience of those who are accustomed to gauge purification by the 
percentage diminution of albuminoid nitrogen and ‘“ oxygen absorbed” from perman- 
ganate, this calculation is given for each set of final and general effluents. But it 
must not be forgotten that the organic matter of a well purified effluent is quite 
different as regards fermentability from the organic matter of a diluted sewage 
showing the same figure for albuminoid nitrogen, and that therefore this caleulation— 
while convenient—is purely empirical and unscientific. It is further to be borne in 
mind that in summer, at all events, the purification of sewage by land is really better 
than it appears to be on the basis of such a calculation, because of the concentration 
of the liquid due to absorption by plants and to evaporation. 


I have thought it well, before discussing the farms separately, to insert here the 
following four diagrams, Nos. 1, 2, 3 and 4, which will be useful for reference to any- 
one reading the Report :— 


Diagrams Nos. 1 and 2 show graphically the results obtained by the analysis of — 
29 sets of hourly samples of sewage, drawn in equal quantities per hour over the | 
entire day, from the farms at Croydon (Beddington), South Norwood, Aldershot 
Camp, Nottingham, Leicester, Rugby and Cambridge. The portions of these curves — 
which belong to any given farm are included in the sewage diagram of that farm, 
and the corresponding figures are criticised in the farm Report itself and also in — 
the section of the Summary of Conclusions which deals with ratios ; but, as itis interest- 
ing to contrast the strengths of the various sewages, and to trace the points of © 





* Since the foregoing was written, a considerable number of comparative estimations, made with 
effluents from artificial processes, have shown that the four hours’ permanganate test is decidedly 
more stringent when a strong permanganate solution at the higher temperature is used. The 
well-known Mersey and Irwell provisional standard, using weak permanganate at 60° F’, is 1:43 
parts “oxygen absorbed ” Pet 100,000; judging from the above-mentioned comparative estimations, 
‘the equivalent figure for this, when using strong permanganate at 80° F., would be about 2:4 or, at 
all events, rather over 2 parts per 100,000. (Cf. Vol. IV., Part V., Report on Methods of Chemical 
Analysis, pp. 40-41). | } 
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agreement and disagreement in the curves placed all together, the diagrams are 
appended here. .(It will be seen, by referring to the separate Farm Reports, that 
rain interfered to some extent with these samples, more especially at Beddington and 
Cambridge). 

Diagram No. 38 (Engineering Report Diagram), shows the depth in feet of 
sewage (exclusive of storm water) treated per acre of irrigable arca per annum at 
the eight principal sewage farms which have been under observation, together with 
the average annual rainfall. 

Diagram No. 4 indicates approximately the relative proportions of organic matter 
treated per acre of irrigable area upon the seven farms specified in it (no hourly 
samples of sewage were drawn at Altrincham, and so it cannot be included here), 
while the annexed table shows how this diagram was obtained. 


TABLE OF FIGURES shown in DiacRAm No. 4 





Table showing approximately the relative amounts of organic matter in terms of 
albuminoid nitrogen, total organic nitrogen, total nitrogen, and oxidizable matter as 
measured by the four hours’ “ oxygen absorbed” test at 26°7° C. (80° F.), which are 
treated per acre of irrigable area on the seven undermentioned sewage farms, on the 
assumption—/or purposes of comparison—that. each acre of irrigable area is under 
sewage all the year round. 

These figures are arrived at by multiplying the average figures obtained in the 
analysis of the hourly samples of sewage by the respective volumes treated per acre 
of irrigable area. They are merely re/ative figures, not parts per 100,000. 











| | | 
| | vey 
i on ea Albuminoid yet Total Dud? 
| <Acreof | Nitrogen. ic cae Nitrogen. from Per- 
Irrigable Area. | ‘ ata _ Manganate. 
Soebccoee CSCC | 80,400 || 77 57 17-4 30°7 
Aldershot Camp - - - - 8,300 1°34 4:2 11:0 17°3 
Nottingham - 2 ae 10,750 BOG i 5 3-4 8:3 25-0 
Rugby - - - : : - 8,570 1:48 2°8 83 15°8 
Croydon (Beddington) - ae 9,520 0:87 2°0 68 11:9 
Leicester - - - - - 5,370 0°64 3 4-4. 12:0 
South Norwood - - - - 4,000 0:28 0:6 2") St 














Note.—This table of figures and the corresponding diagram take no account of storm water, much more 
of which is treated at Beddington and South Norwood than at the other farms. Further, the inequalities 
due to drawing the hourly samples in equal volumes per hour, instead of ‘in volumes proportionate to the 
rate of flow, would be greater in some cases than in others. For these reasons, the figures are only to be taken 


as approximate. 


In conclusion I wish to express my great indebtedness to Mr. R. B. Floris, 
A.LC., and Mr. R. 8. Finlow, B.Sc., Chemical Assistants to the Commission, for the 
zealous and thorough way in which they have carried out by far the greater part of 
this work, and for many suggestions with regard to improvements in methods of 
analysis which are due tothem. ‘The larger share of the work falls to Mr. Floris, 
whose appointment dated earlier, but Mr. Finlow also did a great deal of it. Mr. Eric 
H. Richards, B.Sc., has also during the past year given most useful help, both in the 
analytical part of the work and in the preparation of the various diagrams, &c. Miss 
H. Chick, though not directly participating in the work of this Report, examined 
with me beforehand a number of the processes upon which it is based. Lastly, I 
would express my thanks to my colleague Mr. Colin C. Frye for many valuable 
suggestions. more especially as regards the taking of the hourly sewage samples, which 


latter was indirectly due to him. 
GEORGE McGOWAN. 
Ealing, London, W. 
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Diagram N? 3. 
(Engineering Report 


Diagram ) 


A diagram shewing Srephicalty the bod 
depth in feet of sewage (exclusive of 
storm water) treated per acre. of 
irrigable area per annum ateight 
sewage tlarms, together with theaverage 
anaual rainfall. 
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Diagram N°? 4. 
CAMB. ALD.C. NOTTS RUGAY BEDY LEICE? S.NORW? 


30 a 
29 
eh 


27 








Diagrun to tnoieate approxtiiately 


the relative proportions of 

















Lael | 
26 | tote. (A) Albuminoid Nitrogen. Seabe 
25 es SRS tt é 
24} il. |_| | cam (8) Tota’ Orgoarte Nitrogen. 
oe Ge ee Hj ft | fetal werogen 


(DL) Oxtdizable matter as Mea8UL CA, reecnean 
by the thours “Ooyyerv absorbed test 
at 26-7°C. (80F:) 

which aretreded per acre by the 

seven Sewage Larne’ wideyvnienttaoned, 





















































f 9 | On the assumption, 1O7* DULPOS C8 OF COMPUFL8ON, 
rho | hat each acre of wrigable area ts under 
. J , OE la ot sewage All the year round. 
j | 
Li\ at ae i é h Sd yep ease ae The Farnis are 
ae / CAMBRIDGE 
ate 2 ALDERSHOT CAMP. 
Mme Ve 3 NOTTINGHAM 
7 | eT a | ry 4 RUGBY 
a es & CROYOON (Beddington) 
oa per Gel 6 LEICESTER 


“a ae pea ae 7 J0UTH NoRWO0a 









































j TK az) ; _ ¥ | i ou WVotes ry 
| | | = . Te! . 
| ee es ee I 1 Those curves are arrived at by multiplying 
ae Tag ie th: gqures obtwinod th the Zs 
| | | te average rigures Obtarz2ed arly BUS 
ee Sens We ofthe Howrly Sosrples of Sewage by the 
| porn respective volumes treated per acre of 
| ae Ni origable aren. 
ae oo oe 
| | | | * 
aan «| 
Smeriag ay ‘aa = At = . > . . . 
| | ee xX The figures ue the vertical tine of iis dtagrarz 
Mee cree se oe. Ee ee tnateate. merely relative, wot absolute, anounts, 
| eX t.e. not parts per 700.000. 
ae: | | CALEL 
en NI 
SS a HE, = 




















CAMB. ALD.C.NOTTS RUGBY BEDY LEICE? S-NORWD 


3332.2.03, 


Weller& Graham Ltd Litho,London. 





onrn Oo Oo FE OC! bv 


10. 
1 Hie 
12. 
13. 
14, 


15. 
16. 


ALDERSHOT CAMP SEWAGE FARM. 


CHEMICAL REPORT. 


. Situation of farm.—Ashvale, close to Camp. 

. Total acreage of farm.—138°5 acres. 

. Total irrigable area.—120°5 acres. 

. Average area irrigated at one time.—About 40 acres. 

. Population draining to farm.—20,000. 

. Population per acre irrigated.—166. 

. Gallons of sewage per head per day.—50. 

. Dry weather flow of sewage per 24 hours.—1,000,000 gallons. 


. Gallons of sewage (exclusive of storm water) treated per acre per 24 hours 


— 24,900. 


Gallons of sewage treated per acre per 24 hours, on the assumption that 
each acre of irrigable area is under sewage all the time—8,300. 


Character of the sewage.—Purely domestic. 

Method of treatment.—Screening, settling tanks and land filtration. 
General character of the soil and subsoil.—Sand. 

Separate or combined sewerage system. — Separate. 

The final effluent is discharged into.—River Blackwater. 


Number of years farm in operation before 1900.—36 years. 


ALDERSHOT CAMP SEWAGE FARM. 


This farm dates from the year 1864, so that it is about the same age as the 
farms at Rugby, Beddington and South Norwood. 


The total irrigable area of land is 120°5 acres, about one-third of this being ~ 


sewaged atatime. The whole of the land is under crop at one time or another. 


The average depth of the drains is given by Mr. Kershaw as 3 feet 3) inches, the 


land being too level to allow of drainage at a greater depth. 


For the same reason the sewage can only be treated once, i.e. an effluent cannot 
be picked up at the lower end of one field and sent over a second one. The effluents 
are entirely percolation effluents, from one treatment of the sewage, like those at Notting- 


ham and Cambridge. 
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Soil and Subsoitl. 


The surface soil and subsoil are sand, a little gravel occurring in the subsoil 
in parts. The following table gives the mechanical composition of average samples 
of these -— 








Sub-soil per Cent. 


Surface Soil per Cent. 








Seow @ 


NAME OF FRACTION. 






































ia _| Ignited. | Difference. lenite 1_| Ignited. | Difference. 
“Gravel” (above 8-0 m.m. diameter) - — wl a6 docs 
Fine ‘“ Gravel” (above 2-0 m.m. diameter) - 6°29 5:94 1:50 0:02 
Coarse ‘‘ Sand ” (above 1:0 m.m. diameter) - 0°69 0°62 0°87 0:03 
Coarse ‘‘ Sand” (above 0°5 m.m. diameter)- | 0°60 0°53 0°44 0°01 
Medium “Sand” (above 0°25 m.m. diameter) 1°35 1:27 1:28 0-01 
“Sand” (0°25 to0-05 mm.) - - -| 8267 | 81-76 79°50 0°63 
«Silt ” (0°05 to 0°01 m.m.) - - - 4°19 2°93 6°21 0°37 
“ Dust” (from 0°01 m.m. downwards, which 
settles from water in 24 hours) _ - 3°12 2°05 5:13 0°39 
“Clay” (ic. the still finer residue, precipi- 
tated from water by dilute nitric acid) - | 0°35 0°24 2°28 0:34 
Loss on ignition (separate determination) - — 3°60 1:80 wt 
Pe 98°94 3°92 99°01 agg 1°80 
Real specific gravity of soil dried at 110° C. | = 2°526 — — 2°579 oe Bz] 
Apparent specific gravity - F - 1:467 -— ~- 1-469 — a 
Be ei pete at 1 ermne ob ho n54 975 00 49.11,890 





Number of particles in 1 c.c. of the ignited | 226,466,640 


soil or subsoil (approx.) Sanaa a2 1,677,742,900 


Weight of water retained by 100 grammes 
of the soil when fully drained - - -| 29-2 — — 29-7 aif, = 








Parts per 100,000. 





Lime dissolved by water in 24 hours - - |} 0:004 — a 0-005 — — 


Lime dissolved by water saturated with . 
carbonic acid, in 48 hours - - : 0:030 — — 0:018 — ore 





For a discussion of the figures given in this table, see section upon Soils: page 
275. 
6225, B 
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Volume Treated per Acre, etc. 


The dry weather flow of sewage is about 1,000,000 gallons per 24 hours; and, 
for the reasons given by Mr. Kershaw in his Report,{ this quantity is remarkably 
constant. The average population draining to the farm is 20,000, which gives 166 
persons per acre irrigated, and a flow of 50 gallons per head. 


While the farm was under observation for the Commission the water supply 
was about 43 gallons per head,* which leaves about 7 gallons for subsoil leakage 
into the sewers, etc. 


In winter during rainfall there is some subsoil water on the farm itself, but not 
at other times. 


The average area irrigated at one time is about 40 acres, one acre treating 
24,900 gallons. But again assuming, jor purposes of comparison, that the entire 
irrigable area is under sewage continuously, then each acre treats 8,300 gallons per 
24 hours all the year round. 


Nature of Sewage (Diagram No. 5). 


This is purely domestic and it is, of course, very strong. It has, however, such a 
short distance to travel before it reaches the farm that the screening of the grosser 
solids from it is very easy ; and hence, although it is only allowed one hour’s stay in 
the settling tanks, the amount of suspended solids in the sewage as run on to the 
land is not excessive. 


Thirteen samples in all were analysed, viz. : 10 chance samples and three sets of 
hourly samples drawn in equal quantities every hour during the 24 hours of the day 
(Nos. 460, 462 and 464). Sample No. 48, an exceedingly strong sample of crude 
sewage, may be left out of: account in making any comparisons or calculations, seeing 
that the treatment on the farm is a treatment of screened and settled sewage, the 
sludge being dug in separately. All the other samples drawn were screened and 
settled. The whole of the samples. were of course alkaline in reaction and the 
chance ones had a more or less strong “sewage” smell, the odour of the sets of hourly 
samples being more that of urine. 


The temperature of the chance samples drawn in March varied between 7:2° and 
8°3° C. (45° and 47° F.), and of the others drawn in April, May, June and July, 
between 9-4° and 25°6° C. (49° and 78° F.¢). These temperatures were taken, as a 
rule, where the sewage leaves the tanks. 


A reference to the Tables of Analysis and Curves will show that the hourly 
samples were distinctly weaker than the chance ones, the latter having been nearly all 
drawn in the forenoon when the sewage was at its strongest. And, besides this, 
Aldershot Camp is essentially a place where hourly samples drawn in equal quantities 
per hour—and not according to rate of flow—will give a weaker average than the 
reality, for the following reasons :— 


(1.) Because, being a barrack town, the variations in the flowjof sewage at 
different times of the day will be great, and at the same time of regular 
recurrence. 


(2.) Because comparatively little water gets into the sewers at night to 
minunise the effects of what has been described under (1). 


For purposes of approximate calculation, therefore, the averages of both chance 
and hourly samples will be given separately, the true figures most probably lying 
somewhere between the two. 





* Since then we understand that the supply has been reduced to 25 gallons per head. 
8 i This last abnormally high temperature figure was that of a sewage taken from a carrier in the month 
of July. 
{ Part IV. Engineering and Practical Report. 
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The more important analytical results may be summarised as follows :— 


(Note.—All these samples were screened and settled.) 





Average 
Total Nitrogen—(a) 9 chance samples (12°45 to 24:89) - - - 17°6 
(4) 3 sets of hourly samples (12°31 to 14:24) - - : 13°3 
Ammoniacal Nitrogen—(a) 9 chance samples (8°26 to 16° 7) - 12°30 
(>) 3 sets of hourly samples (7-60 to 8:21) - - - 7:87 
Total Organic Nitrogen—(a) 9 chance samples (3°39 to 9:10) . 5°35 
(b) 3 sets of hourly samples (4:25 to 6:18) - - - - 5:06 
Albuminoid Nitrogen—(a) 9 chance samples (2'05 to 8°63) - : 2°77 
(6) 3 sets of hourly samples (1:54 to 1:69) - - - : 1°62 
“ Oxygen absorbed” in 4 hours at 26°7° C. (80° F.)— 
a) 9 chance samples (20°68 to 38°47) - : - : . 25°94 
6) 3 sets of houriy samples (19°54 to 22°40)- . . : 20°79 
Chlorine—{a) 9 chance samples (8°90 (2) to 13°98) _ - - - 11°38 
(0) 3 sets of hourly samples (11°36 to 19°78) __ - : - 14:98 
Chlorine in water supply —(1:2* to 1:7) — - - - - say, Las 
Chlorine in Subsoil Water - 4 2 5 b : - 2 
hatio of Ammoniacal Nitrogen to Chlorine—3 sets of hourly 
samples (1 : 1:49 to 1: 2°41) - - - - - GR. Fl btot 
Ratio of Ammoniacal Nitrogen to Chlorine, after deducting the 
Chlorine of the water supply—s8 sets of hourly samples 
(1 3Otto 1) 2°23) >) : - - : - - Bd Sah Weg ka 
Solids in Suspension—3 sets of hourly samples (32°0 to 39°8) _ - 36°6 
+ Solids in Suspension by COmtnluge tl games) 3 sets of hourly 
samples (148 to 216) - - : - - 173 
Ratio of Solids in Suspension to Centrifuge Solids - - ie | \ 1:47 
3 sets of hourly samples. | 1.54 { 


Cellulose, still containing fat, 3 sets of hourly samples (9:00 to 12°68) 10°79 
(One extraction with dilute nee and one with dilute ae 


Ratios of Cellulose containing fat to Suspended Solids | ni el 6 | p caer 
3 sets of hourly samples. eau ” 
Cellulose, 3 sets of hourly samples (3°88 to 4:00) - . - . 3°95 

(extraction with alkali, acid and ether) 
Ratios of Cellulose to Suspended Solids - - J ; se sh onde On 
3 sets of hourly samples. laid 2 | 


Taking the 9 chance samples of screened and settled sewage, they were not by 
any means even in composition, Nos. 50, 54, 81 and 302 being distinctly stronger than 
the others as regards ‘oxygen obsorbed,” while Nos. 50, 81, and 303 were the 
strongest as regards total nitrogen. No. 54 showed the largest amount of organic 
nitrogen, and No. 302 was remarkable for the excessive volume of solids that it contained 
(553 volumes as determined by the centrifuge). 


The 3 sets of hourly samples were in every respect, excepting in the matter 
of chlorine, very similar to one another. Why there should have been so much 
chlorine in No. 464 it is impossible to say (Mr. Kershaw suggests that it may have 
come from chloride of lime). 


The hourly samples contained small amounts of nitrate when analysed, a proof of 
the infiltration of some subsoil water into the sewers. 





* There are two sourees of water supply. 
+ Four of the chance samples gave centrifuge solids (118 to 553), average 311°0. 
6225, ° 
Ba 
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A reference to the Curves brings out the following further points . 


The sewage being a very strongly ammoniacal one, the curves for total nitrogen 
and ammoniacal nitrogen necessarily follow one another closely; but there is no 
resemblance between these two on the one hand, and the curves for total organic and 
albuminoid nitrogen on the other (excepting between ammoniacal and albuminoid 
nitrogen in the hourly samples). 


The relation between the albuminoid and the total organic nitrogen varied 
considerably, but, on a rough average, the amount of total organic nitrogen was 
about twice that of the albuminoid in the chance samples and about three times in 
the hourly samples. 


In the 5 cases where the organic nitrogen was determined by both Kjeldahl 
methods, the results agreed fairly well. 


Excepting in the 3 sets of hourly samples, the ‘“ ovygen-absorbed” curve bears no 
resemblance to the curve for total nitrogen, but it is to a slight extent similar in 
character to that for organic nitrogen. 


The average ratio between organic nitrogen and ° oxygen absorbed” in the 9 chance 
samples of sewage is 1 : 4:8, while in the 3 sets of hourly samples it is 1: 4:1. Those 
ratios agree very fairly with the corresponding ones from the Beddington and South 
Norwood sewages, both of which are also domestic sewages, though weaker. 


The average ratio between albuminoid nitrogen and “ oxygen absorbed” in the 
9 chance samples of sewage is 1: 9°9, and in the three sets of hourly samples 1 : 12:9, 
the ratio in both cases being fairly constant throughout, especially in the hourly 
samples. 


In the chance, but not in the hourly samples, the chlorine curve is of the same 
type as those for ammoniacal and total nitrogen, the agreement being fairly good. 
The chlorine in the sewer subsoil water must of course be a disturbing element here. 


The suspended solids in those chance samples which were tested by the 
centrifuge varied enormously in amount In the 3 sets of hourly samples the sus- 
pended solids were fairly constant in themselves but not in the ratios which they bore 
to the centrifuge solids (average = 1: 4°7). The centrifuge, therefore, did not give a 
very good idea of the suspended solids in this (screened and settled) sewage ; some 
further determinations would be desirable. It will be seen, however, that the above 
ratio is a lower one than that given by any of the other sewages that were centri- 
fugalised. ° 


The ratios between the suspended solids on the one hand and the cellulose of 
those solids on the other, in the hourly samples, do not agree very well (the average 
is 9°7 : 1). More determinations would be necessary here. 


Effiuents from Old Land and General Eftuents (Diagram No. 8). 


As will be seen later, an opportunity occurred of observing the degree of 
purification effected by perfectly new and hitherto unsewaged land ut this farm. 
The effluents from the new land will be considered separately, but one must 
bear in mind here that those general effluents which were drawn at times when 
the new land—as well as part of the old—was under sewage, were to some 
extent made up of effluent from this new land; and as the latter took a long 
time to get “ripe,” the above general effluents were therefore necessarily not of such 
good quality as would otherwise have been the case. The samples of general effluent 
which would thus contain new land effluent were Nos. 89, 246, 310, 390, 396 and 
398, while the other general effluents examined were Nos. 52, 53 and 56. These 
three last mentioned were drawn before the new land came into operation. 


As already stated, all of these were Filtration Kffiuents which had passed once 
through the soil. Five of them (Nos. 49, 51, 52, 56 and 247) were drawn from un- 
chalked land, and the remainder from chalked. 


Seventeen Final and General Effluents were analysed fully, and nine of these 
seventeen were further examined, either fully or partially, after jointing or incubation. 
The effluents were drawn in March, April and June, 1900 ; April, June, July and 
October, 1901. 
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The temperature of those 17 effluents, when drawn, varied between 56° and 15° 
C. (42° and 59° F.), not a very great range; the two with the lowest temperature 
were taken in the beginning of April, and the one with the highest in July. It will 
be remembered that the drains at Aldershot Camp Farm are of necessity only 3’ 3” 
deep on the average. (Cf. Temperature Curves in Engineering Report.) 


The following short table shows some of the more important average analytical 
results from the examination of 16 to 18 effluents, details being given in the Table of 
Analysis and Curves :— 


Average. 
Total Nitrogen (3°69 to 8:99) —- - . : . - 6-0 
Ammoniacal Nitrogen (0°91 to 4°98) _ - . : - 1°85 
Albuminoid Nitrogen (0:12 to 0°47) — - - : . - 0-26 


Nitric and Nitrous Nitrogen together (0:0 to 5:97) —- : Seal 


“Oxygen absorbed” from permanganate at 26°7° C. (80° F.) 
im 4 hours (1:02 to 568) — - - - ; - - 2°72 


Incubator Test (as judged by smell) © - - - - -  89°/, passed. 
(18 samples tested.) 


All the effluents were more or less yellow or brown in colour (but those tested 
for this point were colourless or light yellow when filtered), and they contained very 
decided amounts of red-brown flocculent suspended solids, 7.¢., fragments of weed 
coated with red oxide of iron, washed from the drains. Those solids are, however, 
extremely light. Thus, in two subsequent comparative estimations, (a) 50:2 (centri- 
fuge) volumes per 100,000 corresponded to only 2°33 parts by weight, of which 1:26 
parts were volatile ; and (4) 81°6 (centrifuge) volumes corresponded to 2:09 parts by 
weight, of which 1°11 parts were volatile. Excepting No. 56 (a bad sample, drawn in 
part from land which was undrained and not levelled), and No. 90,* both of which had 
a putrefactive smell, and No. 247, which had a suspicious smell but was nevertheless 
a good effluent, all the samples had either a clean earthy or a fishy-earthy smell when 
they came to be analysed; a few of them, however, were noted as having more or 
less of a sewage smell when drawn. One or two had an alkaline reaction, but the 
general reaction was acid from dissolved carbonic acid derived from the oxidation of 
the carbonaceous matter of the sewage ; they all became alkaline upon boiling. I 
have noted with regard to No. 89 (and this is no doubt true of the others also) that 
the colour of the liquid was in part due to dissolved organic matter. These effluents 
contained only a moderate amount of limey in solution, but much sulphate. 


As will be seen from the Analytical Tables and Curves, the effluents were 
decidedly stronger in every respect in summer than in autumn and winter, and 
the nitration was evidently rather more than proportionately greater in the warm 
months. 


In only six of the 17 samples was there more than 2 cc. per litre of dis- 
solved oxygen left when the effluent came to be analysed; in four the oxygen 
varied from 1 to 2 c.c. ; and in the remaining seven it was either vz/ or less than 1 e.c. 
Being percolation effluents, these were probably. not fully aerated when drawn, 
and, further, the copper chloride oxygen process would give too low readings with 
such coloured effluents (the first seven were boiled out). But, even allowing for this, 
and for the fact of the rate of absorption of dissolved oxygen being largely a ques- 
tion of temperature, these figures indicate that there was still a little fermentable 
organic matter left in some of the effluents, The latter contained, however, such 
a large excess of nitrate that, with the exception of No. 56, already referred to 
(and No. 90), they all remained perfectly sweet upon incubation (compare Incubation 
results, Table A). In connection with this, it will be noted here that the smell of 
these effluents, when drawn, was no criterion of their keeping property. 


The amounts of dissolved carbonic acid were very great (up to 118 cc. free 
carbon dioxide per litre), this being of course what one would expect in the cas 
of a land percolation effluent from a strong sewage. The figures for the dissolveg 





* No. 90 was not analysed. 
+ The proportion of lime in the Aldershot Camp soil and subsoil was very small as compared with that 
found at the other farms (Cf. Section on Soils). 
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nitrogen were also very high (up to 20°7 c.c. per litre), some of the figures indi- 
cating super-saturation with nitrogen. 


The Ammoniacal Notrogen in 17 effluents varied between 0:91 and 4:98 parts, the 
average being 1:85. It thus constituted rather less than one-third of the total 
nitrogen present. 


The Albuminoid Nitrogen in 17 samples of effluent varied between 0°12 and 0:47, 
the average being 0°26. It must, however, not be forgotten, with regard to this item, 
that some of the albuminoid nitrogen (as well as of the total organic nitrogen) came 
from the flocculent suspended solids in the effluents; and, more especially, that we 
are here dealing with effluents from a very strong sewage. (Cf remarks upon 
Standards for Effluents in Conelusions : page 308 et seq.). 


The figures for “oaxygen-absorbed” in four hours varied between 1:02 and 5:68*, 
the average for 16 effluents being 2°72. 


The Average Ratio of Albuminoid Nitrogen to “oxygen absorbed” from perman- 
ganate in 4 hours, after allowing for nitrite, was in 17 effluents 1 : 11, the extremes 
being 1:5 and 1:19. This ratiowas a very uneven one, as can be seen by a 
reference to the Curves. 


Upon Jointing or Incubation, all of the 17 samples excepting No. 56 kept sweet 
as Judged by smell, though five of them would have been condemned by Mr. Scudder’s 
permanganate test. The latter condemned the duplicate jointed sample of No. 49, 
although it still had a large reserve of nitrate; in the case of No. 247, also con- 
demned by this test, the incubated duplicate had an exceptional reserve of nitrate ; 
but in No, 398, likewise condemned, the reserve of nitrate on incubation had 
fallen to near zero. It would seem, therefore, that Mr. Scudder’s test, while 
generally applicable to these Aldershot Camp effluents, is occasionally rather too 
stringent. The incubation test, as judged by smell, proved itself a safer guide. 


Lhe Total Nitrogen in those 17 effluents was high, varying as it did between 3°69 
in No. 49 and 8:99 in No. 305, the average being 6°0. This high figure is of course 
to a considerable extent due to the fact that many of the samples were drawn in 
summer when the evaporation must have been great. A glance at the curves will 
show that, of this total nitrogen, about two-thirds was nitric nitrogen. 


Leaving the strong summer samples out of account, it is perhaps worth while to 
compare for a moment the spring and autumn samples of effluent at Aldershot Camp 
with those at Rugby. In the former case the total nitrogen in the effluents relatively 
to that in the sewage was greater, and the ratio of nitric nitrogen to total nitrogen 
was greater also. Without attempting to push the argument too far (for there are 
many factors here, ¢.g., differences in the strengths of the sewage, subsoil water, 
evaporation, taking up of nitrogen by plants, etc.), this looks as if the system of 
or eae ae adopted at Rugby resulted in a greater loss of gaseous nitrogen than in the 
other case. 


The apparently large quantity of Total Organic Nitrogen found in some of the 
samples was striking, and at first one was inclined to attribute this to the flocculent 
suspended solids present.t But, although this is no doubt correct to some extent, 
there is considerable uncertainty here, for later investigations showed that there may 
possibly have been some appreciable errors in determining the organic nitrogen by 
the method of Kjeldahl with reduction. Thus, the relatively small quantity of lime 
in the Aldershot Camp effluents was afterwards found to be insufficient to prevent 


loss of nitrous nitrogen from nitrite when boiling down some of them (in order to_ 
get rid of ammonia) in the estimation of nitrate : again, possible small quantities | 


of nitric nitrogen may have been lost in this way also, though this is unlikely and 





* Note. This very high figure (5°68) was given by the bad sample No. 56; the next highest figure was 
4°09, and the next to that 3°81, 

t+ In the earlier Aldershot Camp effluents the amount of nitrous nitrogen remaining after incubation 
was not noted, and its “oxygen” equivalent could not be deducted from the “ oxygen absorbed ” figure found. 
When, therefore, the figures left any doubt as to whether or not an effluent withstood incubation, as judged 
by Mr. Scudder’s reduction in permanganate used up, I have given that sample the benefit of the doubt and 
marked it +. As a matter of fact this only occurred in Nos. 51 and 55 jointed. 

{ Portions of these flocgulent solids, collected from a number of residues in sample bottles, mixed, 
and dried at 100° C., yielded/1-33 per cont. of nitrogen. | 
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has been more or less disproved later ; and, lastly, the nitric acid in some of the 
more highly nitrated eftluents may have been slightly under-estimated, through too 
much liquid having been taken for the analysis. For these reasons the deter- 
mination of the organic nitrogen by Kjeldahl with reduction cannot be altogether 
relied upon here, and neither the figures. nor the curve of those figures is given. 
(This question is discussed in the Report upon “‘ Methods of Chemical Analysis,” where 
it is pointed out how such errors can be avoided in future.) On the other hand, the 
determination of the organic nitrogen in those effluents by the Kjeldahl method 
without reduction was altogether unsatisfactory, the results coming out very low, 
no doubt for the reasons given under “ Methods of Analysis; ” the figures of this 
determination are to be found in the Tables of Analysis, but the curve is not given 
in Diagram No. 6. 


Most of the effluents contained some nztrite (in amounts varying between 0-02 
and 0°24 nitrous nitrogen), and the quantity of nitrate was large all through, and— 
excepting in the case of No. 56—sufficient to preserve the sample upon 
incubation. Leaving out of account sample No. 90, which went putrid upon incuba- 
tion and was not analysed, the Mtric plus Nitrous Nitrogens (together) in 17 effluents 
varied between 1°61 and 5:97, the average being 3’4—a high figure. 


The ratio of oxidized to unoxidized nitrogen (taking the unoxidized =1) 
varied in 17 samples between 0°3 and 2°6, the average being 1'4._ The safety 
limit of ratio lies somewhere between 0°3 and 0°6, that is to say, one sample in 
which the ratio was 0°3 went bad on incubation, whilst all from 0°6 upwards 
kept good on incubation as judged by smell. 


The ratio of oxidised to albuminoid nitrogen (taking the albuminoid = 1) varied 
in the 17 effluents between 3°6 and 39-4, the average being 17:5,—a high ratio. The 
safety limit ratio evidently lies above 3°6, 7.¢., the sample with the figure 3°6 went bad 
on incubation while a sample with a ratio of 4:0 kept good. To make a definite 
statement on this point, however, would necessitate the examination of some further 
samples just on the boundary line. 


The chlorine curve in the effluents was markedly higher in summer and also in 
autumn than in spring. It does not bear much resemblance to any other curve. 
Although it approximates less to a straight line than many of the other effluent 
chlorine curves, still it does show to a certain degree the “equalisation” of the 
liquid in its passage through the soil, partly—no doubt—from the effects of rain and 
of subsoil water. 


The “oxygen absorbed” curve bears a moderate resemblance to those for the 
albuminoid nitrogen and the total nitrogen. As a rule, when the “oxygen-absorbed ” 
curve rises, the nitrate curve falls, and vice versa, but not always. 


The suspended solids, as determined by the centrifuge, varied in six cases 
between 27 and 63 volumes per 100,000, and in two others went up to 133 and 196 
volumes.* No corresponding gravimetric estimations were made in those samples, 
but in the other two (already quoted) the ratio of suspended solids, determined 
gravimetrically, to centrifuge solids was 1:22 and 1:39. Even allowing for the fact 
of these being so light and flocculent, it is clear that some of the effluents contained 
more of them than was desirable. 


--=-A short study of Table A may be of interest; this table gives some of the figures 
of the analyses of nine effluents, which were examined in duplicate (a) before and (0) 
after jointing or incubation. In the table no particular importance can be attached 
(1) to the increase or decrease of the albuminoid nitrogen, for that is merely a part 
of the total organic nitrogen. But if the amounts of nitric + nitrous nitrogen on the 
one hand, and of ammoniacal nitrogen on the other be looked at, it will be seen that 
out of the nine samples there is only in three of them any appreciable decrease of 
nitric + nitrous nitrogen after jointing or incubation (and in one of these, No. 55, 
the decrease is doubtful), and, moreover, that decrease is quite small relatively to the 
total oxidized nitrogen present ; further, in only one case out of seven (No. 319), is 
there any appreciable increase in the ammoniacal nitrogen. (The incubated samples 














* Compare Mr. Kershaw’s Notes on Samples, e.g. with reference to Sample No. 53. 
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had of course the benefit of any dissolved oxygen originally present, in addition to the 
nitrate ; this oxygen was always used up, or practically so.) Again, in the two cases 
where there was a distinct diminution of nitrate upon incubation, the figures for 
“oxygen absorbed” (four hours) in the original samples were higher than in the 
other cases. Those three tests (diminution of nitrate on incubation, increase of 
ammonia on incubation, and “oxygen absorbed ” in original sample) therefore confirm 
and strengthen one another here. These results show that though the above 
Aldershot Camp Farm effluents gave high figures for albuminoid nitrogen and 
“oxygen absorbed,” not very much of the organic matter which was left in 
them was of a fermentable character. (Cf. remarks on the absorption of dissolved 
oxygen in the Summary of Conclusions). 
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amp farm treats on a sandy soil and subsoil 


In conclusion.—The Aldershot C a 
per acre of irrigable area, and at the 


a medium volume of a strong sewage soak: 
same timea large quantity of organic matter (compare diagrams Nos. 3 and 4). The 


effluents produced may be summed up as_ being highly nitrated, and, although 
some or most of them still contained appreciable amounts of organic matter, 
not very much of that was of a fermentable character, under laboratory conditions 
of experiment ; further, the nitrate present was much more than sufficient to keep 
them sweet. They had in them more flocculent suspended solids—washed out of 
the drain pipes—than was desirable. Would it be possible to settle these out or 
to screen them before the effluent passes into the brook? Although, therefore, 
these effluents cannot be reckoned among effluents of the highest class, they are 
no doubt as good as can be obtained from a sandy soil, which has to treat a 
fairly large volume of strong sewage by one percolation through a depth of three feet. 
The approximate number of particles per gramme of ignited soil is 154,373,990, and 
per gramme of subsoil 1,142,111,850 ; or the approximate numbers in unit weights of 
the ignited soil and subsoil (taking those at Nottingham as 100 in each case) are :— 
Soil, 19; subsoil, 394; in unit volumes the numbers are 19 and 326.* The 
relative calculated internal filtering area, per unit of surface, down to the drains is 
approximately the same as at Nottingham, but it is differently divided between surface 
soil and subsoil in the two cases. The rate of filtration through such a very fine sandy 
subsoil must be rather slow. (Compare section dealing with Soils, and also Con- 
clusions to Chemical Report.) 


Percentage purification as calculated on the albuminoid nitrogen and “oxygen 
absorbed” in four hours :— 


(1) Albuminoid Nitrogen. Average 
9 chance samples of screened and settled sewage gave (2°05 to 3°63) 277 
3 sets of 24 hourly samples - i ,, (1:54 to 1°69) 1°62 
17 Old land and general effluents - - - (0°12 to 0°47) 0:26 
The percentage purification therefore was 
(a) On the chance samples — - - - - - = °93°9°/; 
(6) On the hourly samples - - - - - - 84:0°/, 


(2) Oxygen absorbed. 
9 chance samples of screened and settled sewage gave (20°68 to 38°47) 25°94 


3 sets of 24 hourly samples ee . ,», (19°54 to 22°40) 20°79 

16 old land and general effluents - - : - ( 1:02.t0.5%8) Sa 
Percentage purification } 

(a) On the chance'samples - -  -— - - 895°], 

(b) On the hourly samples ,- | - 2 - & -S = aaa se 


Comparison of the Total Nitrogen in the Sewages and Final Efiuents. 


The average total nitrogen in 9 chance samples of sewage was 
(12°45 to 24°89) 17°6 
3 sets of hourly samples | 
(12°31 to 14°24) 13°3 
17 old land and general effluents 
(3°69 to 8°99) 6:0 


Disregarding the subsoil water on the one hand (Mr. Kershaw states in his 
Report that there is not much of this) and loss of liquid by evaporation on the 
other, this shows that’ fully one-third of the original nitrogen of the sewage finds 
its wayfjto the brook. It is a pity that this large quantity of manure in an 
inoffensive form should be lost. : é 
ea a es Se ee SE 

* Cf. page 292, last paragraph, 
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Effuents from New Land “4.” (Diagram No. 7.) 


This new land (A) was brought into operation in May, 1900, and we had thus 
an opportunity of keeping it under observation for the Commission from the very 
beginning, and of drawing a few samples in four separate series, viz., in May 
and June, 1900; July 1901; October, 1901; and January, 1902. 


In May, 1902, Mr. Henderson, the farm bailiff, wrote to Mr. Kershaw the 
following particulars :— 


“The new land was laid out for sewage in 1900, and sown with rye grass. 
“Started sewaging in May, 1909. Sewave taken off after about 14 days and the 
““Jand rolled. Sewage put on again immediately after the rolling. Since then, 
“sewaged after each crop was cut, about the same as the old land.” While being 
laid out, the land received 20 tons of chalk per acre.* 


The first set of samples (Nos. 82, 83, 84, 85, 87 and 88) drawn in May 
and June, 1900, were—as might have been expected—uniformly bad, very little 
nitrification going on. Reference should be made here to Mr. Kershaw’s Notest 
with regard to these samples, which show that the land was still far from being 
consolidated, and that holes forming in it allowed some of the sewage to run direct 
to the drains. 


Any detailed description of the chemical analyses of these samples would be 
superfluous, as a glance at the curves and figures is almost sufficient to indicate their 
character. In temperature they hardly varied at all, the limits being 11:4° and 12°8° C. 
(52°5° to 55° F.); this is not surprising, seeing that they were all drawn within a 
period of ten days. They were deep brown in colour (this colour being due mainly 
to organic matter, though there was a little iron present), had either a sewage 
or seaweed smell when analysed, and—with the exception of No. 86—contained 
but a little red brown flocculent matter. There was very little lime, and only 
a moderate quantity of sulphate in solution, together with appreciable amounts 
of ferrous and ferric iron (mostly in suspension). It is noteworthy that the 
effluents were nearly all strongly acid from carbonic acid (becoming alkaline on 
boiling), the quantity of free carbon dioxide which could be boiled out being 
excessive (up to 162'7c.c. per litre). This proves, of course, that a vigorous 
oxidation of the carbonaceous matter of the sewage had been going on from the 
very commencement, though the high ‘ oxygen absorbed” curve shows that there 
was still much left in the liquid. Since there was hardly any nitrification— 
hardly any nitrate on analysis at all events—the total nitrogen was made up 
almost entirely of ammoniacal and organic nitrogen. Not one of the samples 
withstood incubation. 


In the earlier samples the determination of organic nitrogen came out better by 
the Kjeldahl method without reduction than by the other. 


The second set of samples (Nos. 321, 323, 324 and 325), all of which were 
examined before and after incubation, were drawn between July 17th and 24th, 
1901, 2.¢ when the land was—as regards sewage—a year old. In temperature 
they showed an absolutely constant figure, viz., 15° C. (59° F.); and in practically 
all other respects they were similar to the first set of samples. A reference to 
Mr. Kershaw’s Notes on Samplest will show that here again the conditions were not 
favourable to the land; he explains how it came about that No. 323 contained so 
much sediment, and how Nos. 324 and 325 were rendered more impure than 
would otherwise have been the case by the influx of a little surface-treated sewage. 
Excepting No. 323, all four samples were destitute of nitrate when they came to 
be analysed, and the other figures of the partial analyses were bad (see curves). 
Further, not one of them withstood the incubation test. 


The third set consisted of one sample only (No. 404), which was drawn in 
October, 1901, after a heavy rainfall, and examined in duplicate. It, too, was 








* This amounts to less than $ lb. of chalk per square yard of soil; or, taking the weights of soil and 
subsoil together down to the drains, the added chalk would be only about 0:02 % of tre whole by weight. 
+ Part IV. Engineering and Practical Report. 
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bad, though it showed some signs of improvement upon those preceding it. ' By 
this time—indeed, before this time—a considerable quantity of weed had evidently 
collected in the drain pipes and was being washed down by the effluent. The 
temperature of this sample was 111° C (52° F.). 


The fourth and last set consisted of two effluents (Nos. 461 and 463), drawn 
in January, 1902, i.e, 20 months after the commencement. As will be seen by 
a reference to the figures and curves, these were of a totally different character 
to all the others, being effluents of a high class, with a considerable quantity 
per litre of dissolved oxygen and over six parts per 100,000 of nitric nitrogen 
(no nitrous nitrogen). No. 463 contained much more brown flocculent sediment 
than No. 461; the gravimetric estimation of solids, though only approximate, 
showed, however, that this flocculent matter (apparently weed) was very light. 
The temperature of the second of these effluents was extremely low for a per- 
colation effluent, even in January, viz., 1°7° C. (35° F.), but it had no doubt 
run some distance in the open. 


The above results are of very great interest, as showing how long a time 
was required—from one cause or another—to bring this plot of absolutely sandy 
soil into a fit state for purifying sewage. This slow ripening of the sandy soil 
may have been due, among other things, to the great ammoniacal strength of 
the sewage; to the dose of sewage having been at first too large; to the small 
quantity of lime in the soil; and to the ground not having been properly con- 
solidated. 


Before concluding the subject, I should like to call attention to the following 
point :—If we leave out of account sample No. 323, which was oniy partially 
analysed (it was very strong, and but little effluent was running at the time) and 
No. 324, which was only incubated and not analysed, and take the other ten 
samples of the 1st, 2nd and 8rd series, we find that the average total nitrogen 
in these is 4:21 parts (2°87 to 9°31, all excepting No. 325 being under 5:0). This 
is a lower figure than that for the average total nitrogen in the old land effluents 
where nitrification was active. Now the average total nitrogen in the three sets 
of hourly sewage samples was 13°3, and, for the reasons already given, this is 
probably rather under the true average. The above figures, therefore, show that 
though the effluents from the new land “A” were still bad at the time they were 
drawn, more than two-thirds of the total nitrogen of the sewage had been 
removed, and yet no nitrate was present in the effluents. 


The diminution in the “oxygen absorbed” figures was relatively rather less, 
viz., from about 20 parts to 8, a diminution of about three-fifths (the actual 
“oxygen absorbed” figures were 6°91 to 9°64, and, in the case of No. 88, 17°16). 


Efiuents from New Land “ B.” (Diagram No. 8.) 


This portion of the new land “B” adjoined <A,” but was not ready for 
sewage until a year later, i.e. in June 1901; only one set of samples was taken 
from it, in June and July of that year. These having been drawn immediately after 
the sewage was applied to the ground, should be comparable with the first set 
of samples drawn from “A.” Their numbers were 307, 309. 312, 313, 317 
and 318, and all of them excepting No. 312 were drawn in duplicate, the second 
samples being examined after incubation. 


Having all been taken within a period of 17 days, the temperature of these 
eftluents was very constant, varying only between 12'2° and 14°4° C. (54° and 58° F.), 
with a gradual rise all the time. | 


Like the first set of effluents from “A,” these were all deep brown in colour, 
and with but little suspended matter. Excepting No. 312, they all had a clean or 
sea-weed smell when they came to be analysed, and were strongly acid from dis- 
solved carbonic acid, becoming just alkaline upon boiling. So far, therefore, the 
remarks made under “A.” apply to these effluents also. But, curiously enough, 
with the exception of No. 312, they kept sweet upon incubation for 5 days, although 
the duplicates of the three last (Nos. 313, 317, and 318), which were incubated 
fer longer pericds, went bad. The longer incubated duplicate of No. 307 kept 


c 


sweet, while that of 309 was on the border line. 


z 
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This shows, what I have already observed in other cases, that five days 
incubation at 26°7° C. (80°F.) is not sufficient to prove definitely that a sample will 
absolutely withstand putrefaction. There was no dissolved oxygen and but little 
nitrate present in these effluents, and though they were of distinctly better 
quality all round than the early samples from “ A,” one would not have expected 
from their analyses that they would have shown even the keeping power that 
they did. Can the large amount of dissolved carbonic acid present have exercised 
a retarding effect upon the action of the putrefactive germs ? 


It is hardly necessary to enter into a minute examination of the figures and 
curves, enough having been already said to indicate the nature of the effluents, 
but one or two points may be referred to :— 


1. The chlorine curve is here almost a straight line, differmg in this respect 
from the chlorine curves of the other Aldershot Camp farm effluents. 


2. The albuminoid nitrogen is relatively high as compared with the total 
organic nitrogen (this in half-purified effluents). The two methods for the deter- 
mination of organic nitrogen do not agree well, the method without reduction 
being evidently unsuitable here. 


3. With reference to sample No. 309, Mr. Kershaw has noted that moles 
had been at work during the time that the field was dry (under hay). No. 312, 
already referred to as a specially bad sample, was drawn during a very heavy 
rainfall, this causing some sewage to flow direct into the effluent chamber. 
When No. 313 was taken, the ground had not yet recovered from the effects of 
this rain. Nos. 317 and 318 show some improvement upon the preceding 
samples, though why No. 317 should have contained so much suspended solid 
(relatively) is not clear. 


Thus those effluents, while distinctly better than the early effluents from 
New Land “A,” were still not at all good, oxidation not having gone far 
enough. That they should have been better than the others was probably due 
—if one may hazard a conjecture—to the better state of consolidation of the 
eround when the sewage came to be applied. 


The total nitrogen in the five effluents analysed was again very /ow, varying 
from 2°14 to 3°53, the average being 2°9. When this is compared with the 13:3 
parts in the hourly samples of sewage, it is seen that—roughly speaking—78 per 
cent. of the nitrogen has disappeared (Cf. remarks under ‘‘A,”). This of course 
takes no account of rainfall on the one hand, or of evaporation on the other. 


Street Washings. 


Two samples from Aldershot Camp were examined, viz., No. 311, being Street 
Washings from Surface Water ditch, drawn on July 2nd, 1901, after two days’ 
heavy rainfall; at the time of drawing, Mr. Kershaw noted that this ditch was 
flowing at the rate of ten million gallons per 24 hours. The sample was brown 
and turbid, though it had only a slight brown tinge when filtered ; it contained a 
great deal of sand and also some brownish suspended matter. The analysis showed 
as much as ‘49 part of albuminoid nitrogen, 1:05 parts total organic nitrogen, and 
8:93 parts “oxygen absorbed” in four hours. Though this had a clean smell when 
analysed, no doubt because of some nitrate which it contained, it turned black and 
putrid upon incubation. 


No. 314, Street Washings and Roof water from Aldershot Camp, drawn 
July 3rd, 1901, after three days’ rain, was muddy from considerable suspended 
matter, with grit in addition. Though the aggregate organic matter was less than 
No. 311 (34 albuminoid nitrogen; 64 total organic nitrogen; and 3°46 “oxygen 
absorbed ”). there was no nitrate; the sample was smelling slightly when analysed 
and became black upon incubation. , 


wo 
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Subsoil water. 


One analysis was made of a well water, sample No, 60, which was the 
only sample that we could get to represent subsoil water ; the well was far 
enough from the farm to be m no danger of contamiation. This water was 
fairly pure, though containing too much albuminoid nitrogen for a drinking water, 
while there was also present a large amount of oxidisable organic matter, as 
measured by the “oxygen absorbed” test. The absence of nitrate, however, and 
the comparatively small proportion of chlorine point to this oxidisable matter 
being of a vegetable character. The small quantity of dissolved oxygen present 
is noteworthy. Unfortunately there was no incubation of a duplicate sample, to 
measure how far this oxygen decreased under those conditions. A Kjeldahl 
estimation without reduction was made, with apparently a good result as regards 
the organic nitrogen. For drinking water the other method (with reduction) is 
inapplicable, for the reasons already given. | 


Samples from the river Blackwater, drawn both above and below the Farm Egiuent outfall. 
(Diagram No. 9.) 


In the Engineering Report (Part IV.) Mr. Kershaw says :— 


“The river Blackwater, into which the effluent finally passes, is a small, muddy, 
sluggish stream, The ratio of effluent to river water is about 1:6 approximately. 
The normal volume of the river is increased considerably by any rainfall.” 


Seven samples were examined (Nos. 57, 58, 59, 315, 316, 326 and 327), five of 
them in duplicate after jointing or incubation, so that twelve analyses in all were 
made. Nos. 57, 315, and 326 were drawn above the farm effluent outfall and 
the other four below it. While only one of the samples went bad upon incubation, 
it is quite obvious from a study of the analytical figures and curves that this stream 
was not in a satisfactory condition. In July, 1901, it was practically an effluent; 
and not a particularly good one. It must have been very much polluted above 
ie effluent outfall, the worst sample of all (No. 326) having been taken above the 
atter. 


The differences in the figures given by the samples drawn in March, 1900, 
when the temperature was low and the brook evidently full, and in July, 1901, 
when the temperature was high and the brook low, are very striking. 


Samples 57, 58 and 59 are comparable, and a glance at the curves shows 
distinctly—though not very markedly—the influx of effluent. No. 59 duplicate 
(brook water containing effluent) used up all its dissolved oxygen and half of 
its nitrate on being jointed and kept, which was not altogether satisfactory. Mr. 
Kershaw, however, states (see his Notes on Samples*) that cattle had apparently been 


in the stream between the points at which Nos. 58 and 59 were drawn, some time 


previously to his taking this sample, which would of course deteriorate the water. 


Samples 315 and 316 are also comparable. When they came to be analysed, 


two days after being drawn in July, No. 315 contained only 1 ce. of oxygen — 


per litre and No. 316 none. The effluent carried with it sufficient nitrate to raise 


the nitric nitrogen in the stream from 0°04 to 0°84 parts, and on the whole it q 


appeared at this time to have a purifying effect chemically on the river water. 


With regard to No. 326, drawn above outfall, and No. 327, drawn below it, | 


the former has been already referred to as a very bad sample, which went 


putrid upon incubation; Mr. Kershaw notes that it was a turbid sample drawn — 


during rain. Here the river was certainly benefited chemically by the effluent. 


Just a few words may be added with regard to the figures of analyses and 
curves :— 3 


1. The relatively large volumes of suspended solids (for a river water), as 


measured by the centrifuge, are noteworthy. 
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2. In the summer samples the dissolved oxygen had gone down to zero or 
nearly zero in every case when the analysis came to be made; this is of course 
very unsatisfactory. 


3. The variations in the chlorine curve, following as it does the curve for 
total nitrogen, are very striking. 


4. The organic nitrogen is approximately twice the albuminoid nitrogen. 
There is not a very good agreement between the two methods for determining the 
organic nitrogen, and neither of them is wholly satisfactory. 


5. The curves for albuminoid nitrogen and “oxygen absorbed” follow one 
another fairly well. 


6. With inflow of effluent into the stream the nitrate curve rises regularly. 


7. Mr. Scudder’s incubator test was much more stringent than the incubator 
test as judged by smell; at the same time the smell was of doubtful value and 
difficult to characterise in No. 58 and to some extent also in No. 59,* 


The river Blackwater was thus not in a satisfactory state chemically at the 
time of our observations, more especially during summer, but this was due to 
polluting matter entering it above the farm and not to the farm itself. In some 
cases, at all events, the Aldershot Camp farm effluent must have exercised an 
oxydizing effect on the organic matter already present in the water. Reference has 
already been made to the rather considerable bulk of fine flocculent weed from 
the drain pipes which is carried into the stream along with the effluent. Apart 
from the manurial loss of nitrate, etc., in an effluent discharging into a stream, 
the rapid choking up of the latter by the vegetable growth which this fosters 
is a point to which attention has been called by other writers, ¢g., Mr. Roechling. 
It seems a great pity that such a highly nitrated effluent as that from the Alder- 
shot Camp Farm cannot be utilised, by being carried to such a distance as would 
allow of its distribution by irrigation over other land. 








* Note.—In Samples Nos. 57, 58, 59 and 59 (Jointed), there was no nitrous nitrogen before incubation. 
The nitrous nitrogen after incubation was not noted, so it is assumed—(what in all probability is the case)— 
that there was none then also. 
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TABLES OF ANALYSIS. 





Tone Dex. 


Hourly Sewage Samples, Nos. 460, 462, 464 : - - = : ‘ 
Sewages, Old Land and General Effluents, Nos. 48, 49, 50, 51 - 4 “ x 
Nos. 62, 53 54, 55) 56;-) =) pene 
Nos. 89, 90, 245, 246 : - : : 
Nos. 9471309; 1904 220 te) aE eee 
Nos. 303, 305, 308, 310 - . . 
%» >) Nos. 310, 319, 390, 396, 398 - - - 
Sewage and Effluents from New Land “A,” Nos. 81, 82, 83 - = ae - - 
. ; Nos. 84; 85, 86, 87-88 sae 
. " Nos. 1320, 391, 392.07 20) eae 
Nos. 322, 323, 324, 325 4 : 
. és Nos. 404, 461, 463. 5..0- 0a 
Sewage and Effluents from New Land “B,” Nos. 306, 307, 309, 312 - - - 
, Nos313, 317,7318” “ae oe 
Street. Washings, Nos. 311, 314 +=. =. = =. 4) = =00)) = 
Well (i.e. Subsoil) Water, No. 60 - - - : - - - . - “gts 


River Water above and below Effluent outfall (including one effluent) :—Nos. 56, 57, 58, 59 


‘ Z Nos. 315, 316, 326, 327 


PAGE. 
25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


38 


39 


40 


41 


41 


42 


a) 


ALDERSHOT CAMP FARM, 1902. 


Sets of Hourly Sewage Samples drawn in Equal Quantities per Hour. 


No. oF SAMPLE ~ “ 


NATURE OF SAMPLE - = c d 





Rainfall* while sample was _ being 
drawn. 


Drawn - - + - - ° - 


Analysed = - - - - - - 





No. 460. 


SCREENED AND SETTLED 
SEWAGE, 
24 hours’ sample. 


462. 





SCREENED AND SETTLED 


SEWAGE, 
24 hours’ sample. 


464. 


SCREENED AND SETTLED 
SEWAGE, 
24 hours’ sample. 





0-01” 
From Monday, 27th 
January, 1902, 12 noon, 
to Tuesday, 28th 


January, 11 a.m. 


29th January, 1902. 


0 “00” 


From Tuesday, 28th 
January, 1902, 12 noon, 
to Wednesday, 29th 
January, 11 a.m 


30th January, 1902. 


0°00" 


From Wednesday, 29th 
January, 1902, 12 noon, 
to Thursday, 30th 
January, 11] a.m. 


31st January, 1902. 





Parts per 100,000, by weight. 
Ammoniacal nitrogen (by distillation) 


Albuminoid nitrogen - = 2 E 
Nitrous =—s, LS Seen ee 
Nitric oe re - ao as 


Total nitrogen by Kjeldahl, with re- 
* duction. 


Blank - on se 
“X” nitrogen - - . - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F). ; at once. 


after four hours - 


” ” 2 


Chlorine - - - “ mht 4 
Total solids (gravimetrically) - - 
Solias in suspension __,, ae hie 


Solids in solution a - : 

Cellulose still containing fat (by alkali 
and acid alone) (a). 

Cellulose (by alkali, acid and ether) (b) 


ae (a) - - - - - 
Grit 
from (b)_ - - 


Parts per 100,000 by volume. 
Solids by centrifuge - - < 3 


Remarks - - - - - - 


*There was heavy rain early on 
Monday morning before the sampling 
was begun. 





781 
1°62 
0°02 
0°23 
12°31 


(0°54 in 9°53) 
2°63 
4°25 


3°42 
20°43 


13°80 


64:0 Volatile 
124°2 
60:2 Non-vol. 


{ 28°8 Volatile 
37°85 

| 9-0 Non-vol. 

{ 35-2 Volatile 
86°4 

| 51-2 Non. vol. 


10°68 


4°84* 


4°44* 


148+ 
(3 minutes) 


This sample was turbid, 
with—for a sewage—a 
moderate amount of 


brown suspended mat- | 


ter and deposit. Doubt- 

ful faint urine smell. 

Alkaline. 

*This difference (be- 
tween 4°84 and 4°44) may 
possibly be due to the 
balance having been 
slightly disturbed. 

+3 minutes’ revolution. 














7°60 
1°54 
0°03 
0°43 
14:24 


(0°54 in 10-94) 
4°64 
6°18 


3°88 
22°40 
11°36 


( 67°0 Volatile 

125°2. 

| 58-2 Non-vol. 

f 25°8) Volatile 

32:0- 
62 Non-vol. 

41°2 Volatile 


| 
peal 
| 52:0 Non-vol. 


*9-00 


*3°96 
*3°28 


155 
(3 minutes) 


8-2] 
1°69 





0°01 
0°25 
13°24 


(0°54 in 10:21) 
3°08 
4°77 


2°75 


19°54 
19°54 (a) 
Feb. 14, 20-06 (b) 
60°6 Volatile 
134°8 
74:2 Non-vol.. 
26°2 Volatile 
8 
13°6 Non-vol. 


95 


34°4 Volatile 
‘0 
60°6 Non-vol. 


12°68 


4°00 
3°52 
3°56 


216-0 
(3 minutes) 


Turbid, with a moderate} This sample had much 


amount of brown sedi- 
ment. Distinct urine 
smell. Alkaline. 


* Those two estimations 
of cellulose and one of 
grit made with one and 
the same quantity of 
sewage. 


the same appearance as. 
No. 462, but there was 
rather more suspended 
matter in it. Distinct. 
urine smell. Alkaline. 





D 


ALDERSHOT CAMP SEWAGE FARM, 1900. 
Sewages with Old Land and General Effluents. 





No. OF SAMPLE - : : 3 


NATURE OF SAMPLE - : : 














Drawn - 


No. 48 49 49 50 51 
CRUDE EFFLUENT LARGE SETTLED EFFLUENT, 
SEWAGE. FROM ARABLE DUPLICATE. SEWAGE. corresponding to 
UNCHALKED LAND, Sewage No. 50, 
corresponding from Rye Grass 
. to Sewage No. 48. Land unchalked. 
| 
Monday, 12th! Monday, 12th aa Wednesday, 14th | Wednesday, 14th 
March, 1900, March 1900, March 1900, March 1900 
1] a.m. 3.15 p.m. _ 11 a.m. 3.15 p.m. 
- | 83°C. (47° F.) 6°7° C. (44° F.) -— 7:2) Cl (45e8 Ss) 6'7° C. (44° F.) 


Temperature of sample 
Temperature of air 
Tf jointed or incubated 


Analysed 


| 13th March 1900 


13th March 1900. 


Jointed, 13th 
March. 
9th April 1900. 


16th March 1900. 











Parts per 100,000 by weight. 


Ammoniacal nitrogen (a) by direct 17°95 approx. 1:09 
Nesslerization. 
Ammoniacal nitrogen (b) by distillation 2233 1:19 
Albuminoid nitrogen - - - 776 0-41 
Nitrous a . - - - Trace. 0:07 
Nitric 5s - - - - Not done. 2°18 
Tota] nitrog-n by Kjeldahl, with re- 36°15 3°69 
duction (after nitrite correction). 
Blank - - - . - - - (0°23 in 13°35) (0°22 in 5°54) 
Correction for nitrite - - - - None. +0:°03 
“X” nitrogen - - - . - 6-06 — 
Organic nitrogen by Kjeldahl, with 13°82 — 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct we 0°28 
Nesslerization, 
(b) Takingammonia by distillation ae 0-18 
Oxygen ahscrbed from permanganate 13°99 0°55 
at 26°7°C. (80° F.) ; at once. 
44 3 » after four hours - 91 02 2°00 
Oxygen absorbed from permanganate 
by ae incubated for five days 
at 26°7° C. (80° F.); at once seas 0°47 Re 
1X 
; 3 _ after four hours - mae 1°64 days. 
Smell after incubation - - — Earthy (?). 
Chlorine - - - : E corre 4 7-90 
Gases: Parts per 1,000 by volume. 
Carbon dioxide (free) - - : - =a 79:50 
Oxygen (boiled out) - - - a 5°30 
Nitrogen - - - - —— 17°36 
Remarks - - - - Copious brown} Decidedly yellow 
sediment.Strong | and opalescent, 
sewage smell.| with very con- 
Alkaline. siderable brown- 
ish — floeculent 
matter. Clean 
fishy - earthy 
smell. Acid from 
carbonic acid ; 
alkaline on boil- 
ing. A moderate 
amount of lime 
in solution, but 
a considerable 
Noret.—The following + corrections : quantity of sul- 
have been made in the figures for phate. 
nitrie nitrogen, to allow for loss The large amount 
of nitrite when boiling down for of dissolved car- 
nitrate: + ‘01 in Nos. 53, ob 89, bonie acid is 
246 and 304; + “03in No. 305; + -08 noteworthy. 
in No. 319; and + -09 in No. 5 
SE TSR NE ee ee 














1°19 
0°33 
0-02 
2:27 


3°49 
(0°23 in 5'28) 
+0°01 


None (—0°45) 


None (—0°12) 


0°60 





0°88 
1-93 


Quite sweet; Earthy 





84°07 
0°17 
17°08 


On opening this 
bottle, it was seen 
that a few drops 
of water had been 
forced through 
the mercury joint, 
and there was a 
small bubble of 
gas at top of bottle 
(say, 0-2 to 0°3 
ce.) I think 
there was a very 
slight inward suc- 
tion on opening 
the bottle. 

A minute bubble of 
air (quite neglig- 
able) got-into gas 

aratus from 
filling tube. 





17°29 


16°94 
3°33 
Possible trace. 
Not done. 


24°89 


(0:23 in 9:23) 
None. 
4°62 


7°95 


7°42 


(hee) 
13°87 


38°47 


11°75 


Considerable | Opalescent 


brown deposit. 
sewage smell, 
Alkaline. 








15th March 1900. 


2°22 


1°66 
0-21 
0°24 
2°01 
4°36 


(0:22. in 637) 
+0°12 


None (—0-20) 
0°36 
0°65 


2°16 


0°60 
2°31 
Earthy. 


9°34 


111°77 
2-11 
19°44 { 


and 
yellowish- brown, 
A very consider- | 
able amount of 
floceulent mat- 
ter. Clean,} 
earthy smell. | 
Acid from car- | 
bonie acid. Mo- 
derate amount | 
of lime in solu- | 
tion, but a large 
quantity of sul- | 


phate. | 
Note.— The 
above carbonic] 
acid is mostly | 


from organic mat- | 
USE a 


ALDERSHOT CAMP SEWAGE FARM, 1900. 
Sewage, with Old Land and General Effluents. 





52 


GENERAL 
. EFFLUENT 
off unchalked 
Rye Grass Land. 





Monday, 19th 
March 1900, 
11.15 a.m. 


67° C. (44° F.) 


March. 
20th March 1900. | 24th April 1900. 


1°35 


1:27 
0°15 
0-04 
2°52 
3°93 


(0:23 in 5°91) 
+0°02 


0°03 
O11 
0°48 


Lost. 


0°37 Six 
2-03 days 


Sweet. 


8°16 


84°33 
4°84 
17:00 


Reddish - brown 
and opalescent 
liquid, with an 
appreciable 
amount of red- 
brown flocculent 
matter. Clean 
earthy smell. 
Strong acid re- 
action (from car- 

-bonicacid,doubt- 
less). Only a 
moderate 
amount of lime, 
but a good deal 
of sulphate in 
solution. 


6220. 





52 


DUPLICATE. 


Jointed 20th 


1°39 


1°25 
0°14 
None. 
2°59 


3°93 


(0°19 in 5°89) 
None. 


0°03 
0-11 
0°52 


1°85 


0°32 
177 


Quite sweet. 


89-94 

0°38 

16°86 
Some water had 
oozed out 
through the mer- 


cury joint and 
there was .a tiny 
bubble of gas at 
top of bottle. 
eae had 
ageregated. No 
aa Beyond 
losing its oxy- 
gen, this sample 
has undergone 
no change.. 

















53 04 55 
GENERAL | SETTLED EFFLUENT 
EFFLUENT | SEWAGE. off Rye Grass 
off chalked | Land 

Land. | (unchalked. ) 
| 
Monday, 19th | Wednesday, 21st Wednesday, 21st 
March 1900, March 1900, March 1900, 
11.30 a.m. 1 p.m. 4 


72° C. (45° F,) 


p 
7°8° C. (46° F.) 


21st March 1900. | 23rd March 1900. 





p.m. 
61°C. (43° F.) 


22nd March 1900. 





55 


DUPLICATE. 


Jointed 22nd 
March. 
25th April 1900. 





1°98 


1-96 
0:17 




















2°34 sae 
2°42 8°26 
0°47 3°63 
0:09 0-03 
1°80 Not done. 
5°16 17°39 
(0°23 in 7°65) (0°23 in 12°84) 
+0°05 +0°02 
oS 5°47 
— 9°10 
0°47 oie 
0°39 : ee 
0°85 5°67 
3°09 31°37 
0°59 — 
2°43 -— 
Earthy. — 
8°98 8°90 (2) 
87°72 — 
0°52 —. 
17°39 — 
0°3 inches of snow | For a sewage, a 
had fallen in the} moderate 
15 hours preced- | amount of light 
ing drawing of| brown deposit. 
sample. In ap-| Faint sewage 
pearance his| smell. 
sample was about | Alkaline. 


the same as No. 
52, but the brown 
‘flocculent matter 





had aggregated phate in solution. 
more. Acid. but| The stopper of sam 
lessso than before. 


A moderate} arrived. 
amount of lime 


in solution, but 





quickly. 


a considerable amount of sulphate. 


In estimating the gases, this sample 
did not boil out so quickly as the 


previous ones. 


(uo 


The gases boiled out 


0:23 
1°89 
4°25 


(0-22 in 6-20) 
+013 
s 


0°37 
2°33 


Either 
nearly so. 


9°74 


114°84 
1°80 
19°14 


Turbid, with too 
large a quantity 
of red - brown 
floceulent' mat- 
ter; decidedly 
acid till boiled ; 
then alkaline. 
Clean smell. Mo- 
derate amount 


of lime, but a large quantity of sul- 


le bottle may 


have been a little ioe when it 


well and 


2°06 
1°83 
013 
0°20 





sweet or 





1°15 (2) (must be 


wrong). 
418 


(0'19 in 6-02) 
+096 


None (- 0°08) 
0°15 
0°62 


2°44 


0°47 
2°14 


Quite sweet. 


118-22 (probably a 


trace too low.) 
0°42 


20°67 





56 
GENERAL 
EFFLUENT 
from low 
unchalked 
Land. 





Tuesday, 27th 
March 1900 
12.15 noon. 

7°8° C. (46° F.) 


28th March 1900. 


4:98 
0-45 
0-09 
1°52 
UL: 

(022 in 11°36) 
+0-04 


0°47 
0°95 


5°68 


0 97 
3°76 


Distinctly putre- 


factive. 


10°26 


81°44 
*3°10 
18°05 


The sediment had | Partof this effluent 


ageregated, and 
some of it stuck 
on the bottom. 
This would 
slightly _aftect 
the sample for 
analysis. 
smell. 

There was quite a 
large quantity of 
water on the top 
of the meteury 
joint, but only 
about 05 cc. 
of gas inside the 
hottle. 


Fishy 





| In hoiling out, the 


in previous sample. 


came off land 
which wasneither 
drained nor le- 
velled, and it 
was a very bad 
one. Turbid,with 
very considerable 
brown floceulent 


matter. Slight, 
but distinet 
putrefactive 
odour. Slightly 


acid. Very econ- 
siderable amount 
of lime, and a 
great deal of sul- 
phate in solution. 


gas came off much more slowly than 


*Note.—The presence of this large amount of oxygen in 


; a bad effiuent must be due to the low temnerature. 
ee sss cases 


ALDERSHOT CAMP 


28 


SEWAGE FARM, 


1900-1901. 


Sewage, with Old Land and General Effluents. 


NATURE OF SAMPLE 














No..OF/SAMBEE: = - @& - No. 89 90 245 246 
GENERAL EFFLUENT EFFLUENT SETTLED GENERAL 
from Old Land (chalked), | from Old Land SEWAGE. EFFLUENT from 
(Chalked). Old (chalked) Land 
(slight smell when 
drawn). 
Drawn - , : é a - Wednesday, 6th June | Thursday, 7th | Monday, lst | Monday, Ist April 
1900, 2.30 p.m. | June 1900, April 1901, 2 1901, 2.15 p.m. 
3.15 p.m. 


Temperature of sample 
Temperature of air - - : 
If jointed or incubated - - 


Analysed - 


12°2° C. (54° F.) 
16°7° C. (62° F.) 


8th June 1900. 


17°2° C. (63° F.) 
14°4° C. (58° F.) 


12th June 1900. 


p-m. 
9°4° C. (49° F.) 
10°6° C. (51° F.) 


2nd April 1901. 


56° C. (42° F.) 
10°6° C. (51° F.) 


2nd April 1901. 





Parts per 100,000, by weight. 


Ammoniacal Nitrogen : 
(a) by direct Nesslerization 


(b) by distillation 


Albuminoid nitrogen - . - 
Nitrous nitrogen - : - F 
Nitric - - - - : : é 


Total nitrogen, by Kjeldahl, with reduc- 
tion, after correction for nitrite in 
No. 89. 


Blank - = g etait s Mie 
Correction for nitrite -, - < - 
“X” nitrogen - - : - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahlabichout 
reduction : 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at ance. 
after four howrs - 


”? ” ” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80 F.) ; at once - 

3, oa , after four hours - 


Smell after incubation = = : 
Chlorine - s = E : P 


Parts per 100,000 by volume. 
Solids by centrifuge - Obs , 


Gases: parts per 1,000 by volume. 


Carbon dioxide (free) - z 
Oxygen (boiled out) = - 


Oxygen (by cuprous chloride) : 
When sample was analysed - 


Nitrogen 


Remarks : e s 5 








18] 
1°83 
0°37 a 
006 
1°81 


4.17 


(0°19 in 6-20) 
+0:'03 


0:07 
0:05 
0°81 


3°81 Sa 


an 


0: 
3° 


Be ie) 


Sweet. 


DsG2 


100-04 
0°12 





15°43 — 
Medium brown in colour, 
with considerable red- | this 
brown matter in suspen- | putrid. 
sion. Distinctly acid, 
but alkaline after beil- 


ing. Clean fishy-earthy | very high for 
smell. Lime in‘solution | some days (up 
was considerable, sul- | to 88° F. 


phate y rery considerable. 
A little’ ferric iron in so- 


terday.) 
lution and a fair amount 


insuspension. The colour of the liquid was 


evidently due in part to organic matter. 





SE SL SE SAS A SRST 








When opened, 
was 


The tempera- 
ture had been 


the shade yes- 


12°54 
2:22 
None. 


Not done. , 
16°83 


(0°19 in 7°06) 


2°07 
4°29 


7:18 
22°09 


13°98 


This liquid was 
very turbid and 
yellow, but with 
relatively not 
much sediment. 
The filtered 
liquid still re- 


mained very tur- 


bid and coloured 
Sewage smell, 
not very strong, 
Alkaline. 








2°08 
0°32 
0-06 
* 3°57 


April 3 
5°95 


May 12 
6°19 


(0:19 in 9°91) 
(0°38 in 5°38) 


0°73 
2°76 


0°61 
2°47 }o days 


Sweet, no nitrite. 


11°20 


1:0 or oh two 


This was a brown 
liquid, but fairly 
clear when the 
sediment had 
settled. There 
was a consider- 
able amount of 
light brown sedi- 
ment with weed, 
which could not 
be broken up, 
Fishy smell. Al- 
kaline. 


\ observers. 


246 


SMALL 
DUPLICATE. 


Jointed and in 
cubated, 2n¢ 
April. 

12th Apa 1008 


2:09 
0:30 
None. 


3:13 


0:54 


Fishy smell. 


After inecubatio 
this was a fail 
ly clear yelloy 
liquid, with 
conside rabl 
amount c 
gre - brow: 

imen 
(agerega ted 
Fishy smel 
Alkaline. 





ee  ——— 








247 247 247 302 304 
EFFLUENT SMALL DUPLICATE. | LARGE DUPLICATE. SETTLED SEWAGE. ~ EFFLUENT 
from Rye Grass on from Old Land 
ld Land (unchalked). (chalked). 
o smell when drawn. 
[onday, Ist April oo — Wednesday, 19th June | Wednesday, 19th 
1901, 3.0 p.m. 1901, 11.5 a.m. June 1901, 12.30 
noon. 
56° C. (42° F.) ae i 20° C. (68° F.) 12°2° C. (54° F.) 


10:0° C. (50° F.) 


2nd April 1901. 





Turbid. 
1°32 
0°13 
0-01 


5°06 
701 


(0°16 in 10°34) 


: rather 
0 40{ ad 


0:37 
1°75 


0°41 
reat 9 days. 


weet. Nitrous ni- 
ogen=0 005 approx. 


10°86 


. 


3°3 Two 
3°2 \ observers, 


palescent, with a 
rery considerable 
mount of green 
veed. Clear and 
olourless when fil- 
ered. Aeid from 
arbonic acid, but 
lkaline on boiling, 
uspicious smell ; 
Musty smell ; 
ewage smell 

3 observers. ) 





ALDERSHOT CAMP SEWAGE FARM, 


29 


1900-1901. 


Sewage, with Old Land and General Effluents. 


Jointed and _  ineu- 
bated, 2nd April. 


11th April 1901. 


Trace. 


5°27 


No smell, 


less than 0:5 





The liquid was now 
clear and brown, 
with aggregated 
buff-coloured sedi- 
ment. No smell. 





Jointed, 2nd April. 


4th June 1901. 


18°9° C. (66° F.) 


20th June 1901. 





Turbid. 
1°40 
0°12 
0°01 
5°55 
6°54 (2) 


(0-24 in 10°77) 


None (?) 
0°31 
1°63 
O'31) Six 
163) days. 


Sweet. Trace of ni- 
trous nitrogen, pro- 
bably less than 0°01. 





None. 





The liquid was fairly 
clear, with a large 
amount of  buff- 
coloured sediment. 
Acid till boiled, then 
alkaline. Earthy 
smell. 





11°05 
2°86 
None. 


Not done. 


16°72 


(0:24 in 12°99) 
2°81 
5°67 


10°62 


_ 553°0 
(One minute. ) 


This sewage was slight- 


ly brown, but yellow 
on filtering, with con- 
siderable dark brown 
sediment and a good 
many floating grass 
seeds. Sewage smell, 
Alkaline. 








21°1° C. (70° F.) 


20th June 1901. 


Turbid. 

1:07 

0°15 

0:09 

(2) 5-82 { Probably 
(a) (6) fJune 
8:40 8:64 \ 28th. 


f (024 in 13-05) } 
\ 0°24 in 12°76 


? 


? 


None. 
0°41 
1°87 


0°31 
1°S1 


Sweet. Nitrous 


11°52 


37:0 
(One minute. ) 


About 2°5. 


This was rather turbid 
and brown, with a 
moderate amount of 
buff brown = sedi- 
ment. Very faintly 
acid, but alkaline 
on boiling. Clean 
but rather strong 
smell. 





rather low. 


ni- 
trogen =0°04 approx. 





304 


SMALL DUPLICATE. 


Jointed and_  incu- 
bated, 20th June. 


27th June 1901. 


0:03 


6°29 


Clean smell. 


None. 


After incubation the 
liquid was fairly 
clear, with buff sedi- 
ment. Clean smell, 
and not so strong 
as in the original 
sample. 





_ 





ALDERSHOT CAMP 
Sewage, with old Land and General Effluents. 


20) 


” 


SEWAGE FARM, 





No. OF SAMPLE - - : 


NATURE OF SAMPLE - = % 


No. 303. 


SETTLED SEWAGE. 


305 


EFFLUENT FROM 
OLD LAND 
*(Chalked) 

corresponding 

to Sewage No 303. 





Drawn - - - - - 


Temperature of sample = - : - 
Temperature of air - . - 
If jointed or incubated - . - 


Analysed - - - : : 





Parts per 100,000 by weight. 
Ammoniacal nitrogen : 
(a) by direct Nesslerization - 
(b) by distillation - 
Albuminoid nitrogen - 
Nitrous - - 
Nitric - - : - - 


Total nitrogen by Kjeldahl, with re- 
duction (no correction for nitrite). 


Blank - - - - - - 
“X” nitrogen 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 


(b) Taking ammonia by distillation | 


Oxygen absorbed from permanganate 
at 26°7° C (80° F) ; at once. 


x = A after four hours - 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C (80° F) ; at once - - 

"3 ~ ms after four howrs - 


Smell after incubation - 


Chlorine = ‘ 


Parts per 100,000 by volume. 


Solids by centrifuge - a s 


Gases: Ports per 1,000 by volume. 


Oxygen (by cuprous chloride) : 
When sample was analysed 


Remarks “ - : 4 5 4 


*NoTE.—From No. 304, onwards, all 


the effluents came from chalked 
land. : 


cme ve 





June 190], 11.30 
a.m. 
17°8° C. (64° F.) 
20:0° C. (68° F.) 


20th June 1901. 


13°71 
2°30 
None. 
Not done. 


18°66 


(0°34 in 15°58) 
2°65 
4:95 


13°12 


228°0 
(14 minutes. ) 


Very turbid dark 
grey - brown 
liquid, with a 
large amount 
of dark sedi- 
ment. Strong 
sewage smell. 
Alkaline. 





June 1901, 12.45 
noon. 

12°2° C. (54° F,) 
21°1° C. (70° F.) 


20th June 1901. 


| 


2°52 
0°47 
0°15 
5°82 
8°99 


(+0°50 in 15°18) 


None (-0°08) 


0°81 
3°80 
Earthy, about 0:03 
nitrous nitrogen 


13°74 


133°0 
(14 minutes.) 


None. 


Brownishand rather 
turbid liquid, with 
considerable 
amount of light 


brown sediment 
(apparently vege- 
table). Fishy 
smell. Alkaline. 


+ Double amounis 
of acid and zine 
were used in this 
Kjeldahl. 














1901. 








Wednesday, 19th |. Wednesday, 19th | Tuesday, 25th June 


308 310 
FINAL EFFLUENT GENERAL 
FROM OLD LAND EFFLUENT. 

(Chalked) 
(contained some 
Sewage weed). 
Thursday, 27th 
1901, 11.45 am. June 1901, 10.45 


13°3° C. (56° F.) 
20:0° C. (68° F.) 


26th June 1901. 


Turbid. 
1°39 
0:19 
0°05 
5:05 
7°76 


(0°24 in 11-48) 


None (-0°08) 
0°53 
" 2:52 


0-41 
2°50 
Sweet, about 0°05 
nitrous nitrogen. 


13°92 


196-0 
(one minute.) 


About 0°8 


This was slightly 
turbid, with much 
buff and _ reddish- 
brown  flocculent 
sediment. Nearly 


colourless when 
filtered. Acid 
from carbonic acid, 
but alkaline on 
boiling. Clean 
smell. 











a.m. 
12'8° C. (55 F.) 
21°1° C. (70° F.) 


28th June 1901. 


Turbid. 
1°35 
0-19 
0°03 
4°29 
7°48 


(0-24 in 11-07) 


None (-0'19) 
0°35 
1°69 


0°21 
1°57 


Earthy, with only 
trace of nitrite. 


11°86 


63:0 


None. 


This sample was 
rather turbid, 
with a moderate 


amount of buff- | 


coloured — sedi- 
ment.  Faintly 
acid till boiled ; 
then alkaline. 
Strong but clean 
smell. 





« 








| Note. This nitrate 
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ALDERSHOT CAMP SEWAGE FARM, 1901 
Sewage, with old Land and General Effluents. 





310 


SMALL 
DUPLICATE. 


319 


FINAL EFFLUENT 


from Old Land. 





319 


SMALL 
DUPLICATE. 





Jointed and incu- 
|bated, 28th June. 


' 15th July 1901. 


Monday, 15th 
fJuly, 1901, 10°15 
a 


.m. 
15:0° ©. (59° F.) 
21-7° C. (71° F.) 


16th July 1901. 





1:39 
0:20 
Trace. 


5°35? 


estimation is 
doubtful. The 
ammonia came 
off badly, in 
dribbles. It is 
@ curious case. 


| Seaweed smell. 


| After incubation 


this liquid was 
clear, with a 
yellow tinge and 
seaweed 


_ Much light- 


brown sediment. 


smell. 


3:17 
0:36 
0:20 
* 4:00 
7°88 


(0°30 in 11°71) 


None (—0°01) 
0:95 
4:09 


0°68) six 


3°74f days 


Sweet, but strong. 


No nitrite. 


11°56 


oer iel 
(One minute.) 


None. 


Turbidand brown, 
but light yellow 
when filtered. 
Slight greyish- 
brown sediment. 
Seaweed smell. 


Faintly alkaline. 





Jointed and ineu- 
bated, 16th July. 
7th Aug. 1901. 


3°68 
0°30 
0°05 
| 3'1l 


Clean smell. 


After incubation 
the liquid had a 
brownish tinge- 
Small amount of 
sediment. Clean 
smell. 





390 


GENERAL 
EFFLUENT. 


396 


GENERAL 
EFFLUENT. 


398 


GENERAL 
EFFLUENT. 


398 


SMALL 
DUPLICATE. 








Monday, 14th 
Oct., 1901, 12.30 
noon. 
12°2° C. (54° F.) 
139° C. (57° F.) 


16th Oct. 1901. 


0°99 
0-12 
0-02 
3°07 
5°14 


(0°30 in 7°81) 


0°53 

2°29 

051) 12 
1:94) days 


Sweet, trace of 
nitrite. 


12°30 


44:0 
(3 minutes) 


1:2 


Slightly yellow 


in colour, with 
considerable 
light brown sus- 
pended matter. 
Acid from ecar- 


bonie acid ; 
alkaline on boil- 
ing. Slight 


earthy smell. 


Tuesday, 15th Oct. 


1901, 11.10 a.m. 
12-2° C. (54° F.) 
14:4° C. (58° F.) 


16th Oct. 1901. 


Wednesday, 16th 
Oct. 1901, 11 a.m. 


122° C. (54° F.) 
11°7° C. (53° F.) 


17th Oct. 1901. 








0°91 
0°12 
0°03 
2°80 
4°83 


(0°34 in 7°43) 


0°41 

1°59 

0°33) six 
1:24f days 


Sweet, trace of 
nitrite. 


11°96 


46°0 
(3 minutes. ) 


1°75 approx. 
(two observers. ) 


This liquid was 
slightly turbid 
and with a small 
amount of light 
brown, almost 

yellow, sediment. 
Acid in the cold; 
alkaline on boil- 
ing No smell. 





Sweet, 





1:32 
O12 
0:03 
3°18 
5°46 


(0°34 in 8°36) 


—_—_—_— 


v trace of 
nitrite. 


12°66 


52°0 
(8 minutes.) 


0°75 
(two observers. ) 


This sample was 


brown and 
slightly turbid 
with a fair 


amount of brown 
sediment. Rather 
fishy smell. Acid 
in the eold ; alka- 
line on boiling. 


} 3°36 





Jointed and incu- 
bated, 17th Oct. 
18th Nov. 1901. 


5 ¢@.e@. 
Reduced 
after 
boiling. 


0°73 
2:00 


Clean. 


After incubation, 
clear but rather 


deep yellow 
brown _ liquid. 
Some light 
brown floceulent 


sediment. Clean 
smell. Alkalin e. 
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ALDERSHOT CAMP SEWAGE FARM, 1900-1. 
Sewage, with Effluents from New Land “ x 





























No. or SAMPLE -° - = - - No. 81 82 82 83 VAS 
: = - - | SETTLED SEWAGE | EFFLUENT FROM DUPLICATE EFFLUENT FROM 
ae ee from Marlboro’ NeEw Lanp A SAMPLE. SAME SOURCE 
lines. (chalked). AS No. 82. 
| 
. ~ o« «= + «+ | Monday 28th May | Monday 28th May a Tuesday 29th May 
Siok 1900, 11.45 a.m. | 1900, 3 p.m. 1900, 3.15 p.m. 
Temperature of sample - - -| 147°C. (585° F.) 11-4 C. (525° F.) a: 117° C. (53° F.) 
Temperature ofair - - - - 19°4° C. (67° F.) 18°9° C. (66° F.) aang 17°2° C. (63° F.) 
If jointed or incubated - - - —— — Jointed. — 
Analysed - -.— - - te 29th May 1900. | 29th May 1900. Opened = 17th 30th May 1900. 
| July 1900. 
Parts per 100,000, by weaght. 
Ammoniacal nitrogen : 
(a) by direct Nesslerization - - 12°85 2°47 — - 2°31 Be 
(b) by distillation - - - 2 14°38 2°41 — 2-20 
Albuminoid nitrogen - - . - 3°29 0°64 _—— 0°37 
Nitrous + - - - - None. 0:09 —— 0:06 
Not a satis- : 
Nitric re : : - - Not done. 0°45 factory es- — : 0°39 
timation. 
Total nitrogen by Kjeldahl, with re- 19°91 3°22 — 3°04 
duction (after nitrite comeeon)- F ! 
Blank’ >| fe) eee ; (0-19 in 14°64) (0-19 in 4°81) a (0:19 in 4°56) 
Correction for nitrite -- - - - None. +0°04 —_— +0°03 
“xX” nitrogen gy = Te aire baa. 4s 2°24 ? = — : 0:02 
Organic nitrogen by Kjeldahl, with 5:53 ; ? — ; 0°42 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct Lost. 0°60 f ——— 0°65 pol 
Nesslerization. 
(b) Taking ammonia by distillation — —. ——— 0°76 
Oxygen absorbed from permanganate 701 1°50 ; Ss oe 1°37 
at 26°7° C. (80° F.); at once 
a AS », after four hours - 29°88 7°48 -—— 7:90 


Oxygen absorbed from permanganate ie 
by see incubated for five ae x 











at 26°7° C. (80° F.); at once - Not done. 1:63 \ Seven 1 Obs i) USE: 

. 4 » after four hours - se 5°65 J days. — lost days. 
Smell after incubation : - - 2 Sewage smell. —— Smell of sulphide. 
Chlorine = - - 2 : 12:27 Le Fee. = 

Gases ; parts per 1,000 by volume. 
Carbon dioxide (free) - - - - — 140°05 _—_ 15367 
Oxygen (boiled out) - . . - — 0-11 — 0-14 
Nitrogen = - - - - - . = 15°91 — 15°37 
Remarke® 0) ai ene | - | There was a consi- | Very dark brown —_— Very dark brown 
derable brown se- | and turbid, with and opalescent, with 
diment in this | but little  sus- only a very small 
sample. Strong | pended matter. It amount of red- 
sewage smell. | had a mixed sew- brown  floeculent | 
Very alkaline. ageand iron smell, | When opened, | matter. Distinct | 
think. Decidedly} this smelt sewage smell 
acid, becoming | ‘strongly of] mixed with sea- 
slightly alkaline ammonium | weed smell. Re- 
: on boiling. Only sulphide. action very acid, | 
NotE.—The following + corrections a little lime and| Not analysed. | and still slightly | 
have been made in the figures, for not very much sul- acid after pollin 
- nitrie nitrogen, to allow for loss of phate in solution. , Very little lime in 
nifiite when boiling down for ni- A. fair amount of | solution and only a 
trate; and the eorresponding — ferric iron (mostly | moderate amount of sulphate. A 
corrections in the figures for “X” in suspension), and | good deal of ferrie iron (mostly in 
and organic nitrogen :—-01 in Nos. evidently some suspension), and a little ferrous, ! 
82 and 85; ‘03 in No. 87. | ferrous iron also, think. 














i 
} 
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ALDERSHOT CAMP SEWAGE FARM, 1900-1. 
Sewages, with Effluents from New Land “A.” 


84 


EFFLUENT FROM 
SAME SOURCE AS 
Nos. 82 & 83. 


Wednesday 30th May 
1900, 3.15 p.m. 


11:7° C. (53° F.) 
17:7° C. (63° F.) 


31st May 1900. 


2°36 

2-47 

0°49 

O11 

0-15 

3°28 
(0°19 in 4-86) 

+0-06 

0-06 

0°55 


0°72 
0°61 


1°67 
7°84 


2°02 
7°33 


Sulphide smell. 


Deep brown in colour. 
Practically no sus- 
pended matter. Sea- 
weed or faint sewage 
smell. Strongly acid. 


Note.—It was not worth 


while to boil out this 
sample. 


6225. 








1900, 2.45 p.m. 
11°7° C. (58° F.) 
10°6° C. (51° F.) 








Ist June 1900. 


1900, 12.45 Noon. 
15°6° C. (60° F.) 
14:4° C, (58° F.) 


6th June 1900. 











Se aca aa 
85 86 87 
EFFLUENT FROM SETTLED SEWAGE EFFLUENT FROM 
SAME SOURCE AS FROM TANKS. New Lanp “A” 
No. 84. corresponding to 
Sewage No. 86. 
Thursday 3lst May | Tuesday 5th June | Tuesday 5th June 


1900, 3 p.m. 
12°2° C. (54° F.) 
144° C, (58° F.) 


6th June 1900. 








2-20) 
1:96 
0°45 
0-07 
0-09 
3-07 

(0:19 in 4°61) 

+0°03 
0°50 
0-95 


1°49 
6°44 


Strong smell of sul- 
phuretted hydrogen, 
6°90 


14398 
0°20 


16:03 


This sample was still 
very brown, but a 
great deal less so than 
the previous samples 
from the new land. 


Opalescent. Small 
specks of (apparently) 
vegetable matter 


coloured red-brown. 
Seaweed smell. 
Strongly acid, but 
quite alkaline on 
boiling. Very little 
lime and not very 
much sulphate in so- 
lution. A moderate 
amount of iron (ferrous 
and ferric), no doubt 
mostly colloidal. 








9-00 
9°06 
2°06 
None. 
Not done. 
12°45 
(0°19 in 9°23) 
None. 
1°33 
3°39 


4°67 
4°61 


4°81 
20°81 


Considerable 
brown sediment. 
Faint sewage smell. 
Strongly alkaline. 











3°08 
2°96 
0°49 
0-12 
0°36 
4°06 





(0°19 in 6:0) 
+0:06 
0°13 
0°62 





0°97 
1:09 


2°80 


9°64 


4°77 Six 
11°37 f days. 


Putrid. 
8:90 


162°74* 
0:08 


15°61 


dark | Excessively brown, 


but contained only 
a little red brown 
floceulent matter. 
Strongly acid, but 
alkaline on boiling. 
A mixture of sea- 
weed and sewage 
smell (sewage on 
boiling). Very little 
lime indeed in solu- 
tion, and a moderate 
amount of sulphate. 
Only a little ferrous 
and ferric iron (the 
colour being due to 
organic matter). 


88 


EFFLUENT FROM 
NEw LAND “A” 





Wednesday 6th June 
1900, 3.15 p.m. 


12°8° C. (55° F.) 
161° C. (61° F.) 


7th June 1900. 





4°04 approx. 
3°64 
0°55 
None. 
None. 
4°64 
(0°19 in 6.92) 
None. 
0°45 
1:00 


0°75 


4°83: 
17°16. 


58 
ied 


“Tb 


Putrid. 


Very dark brown, with 
a few floating par- 
ticles. Sea-weed or 
urinous smell. Acid 
in the cold ; alkaline 
on warming. 


* This is a very large. 


quantity. 
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ALDERSHOT CAMP FARM, 1901. 
Sewage, with Effluents from New Land “ A.” 























No. of SAMPLE~ j- - - - No. 320 321 321 322 
SEWAGE FINAL SMALL FINAL 
NATURE OF SAMPLE - - : - | drawn just before EFFLUENT DUPLICATE. EFFLUENT 
going on to from from 
New Land “ A.” New Land “A.” New Land “A.” 
Drawn - 3 atts . | Wednesday, 17th | Wednesday, 17th — Thursday, 18th 
July 1901, | July 1901, 12.30 July 1901, 11.35 
10.45 a.m. noon. a.m. é 
Temperature of sample - - -| 25°6° C. (78° F.) 15-0°C. (59° F.) aaa 150° C. (59° F.) 
Temperature of air - - - - | 26°7° C. (80° F.) 27°2° C. (81° F.) — 29°4° C. (85° F.) 
ae : i a Bit Jointed and in- —_— 
If jointed or incubated ee ee 


Analysed - - - - - 





Paris per 100,000 by weight. 
Ammoniacal nitrogen : 





18th July 1901. 


18th July 1901. 


Jul 


y: 
Opened 22nd July 


‘1901 














19th July 1901. 


(a) by direct Nesslerization -  - 12°12 2°72 ——- Tae 
(b) by distillation “ : £ 11°62 2°44. — 2°68 
Albuminoid nitrogen - -~ - 2°05 0°35 —— 0-42 
Nitrous A - : None. None. — None. 
Nitric ‘ - Not done. 0:27 — None (—0:03) 
Total nitrogen by Kjeldahl with re- 15°27 Jy.20. Ang.1. Aug.14 as 3°29 
duction. O37 (5.258 a Maree 
Blank - - - > (0°30 in 11°36) |(0°3in4"45 ; 4°04; 3°99) a (0°30 in 5:07) 
“X” Nitrogen -— - 1-60 None. — 0-19 
Organic nitrogen by Kjeldahl, with 3°65 0°35 —— 0°61 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 3°00 0°24 ame ane 
Nesslerization. 
(b) Taking ammonia by distillation 3°50 0°52 —— 0°60 
Oxygen absorbed from permanganate 6°50 1°65 —— 1°95 
at 26°7° C. (80° F.) ; at once. 
” ” ” after four hours. 20°68 7°28 SoH 8°14 
Oxygen absorbed trom permanganate 
by sample incubated for five eye 
at 26°7° C, (80° F.) ; at once - — 1°98 = 2°16 
” » 3 after four hours. —— 7°33 a 8:26 
Smell after incubation - Sew te —— Suspicious; No ni- —— Slightly putrid. 
trite. o nitrite. 
Chlorine - = - : : 5 10°18 9°84 aa 9°70 
Parts per 100,000 by volume. 
Solids by centrifuge - + - - 346°0 10:0 — 35°0 
(1 minute). (1 minute) (1 minute). 
Gases: Parts per 1000 by volume. 
- gen (by cuprous chloride) : 
hen sample was analysed - - ———— None. — None. 
Remarks ee fe a . Very considerable | This sample had a| When opened on| Very turbid, and 
sediment, which | deep brown colour,| 22nd July, this}! dark brown, 
was dark brown | even whenfiltered,| liquid ad| even when 
(almost Dblack)| and it contained | blackened bide it| filtered. Small 
in colour. Fairly| a small quantity} had a suspicious| @mountof brown 
strong sewage| of light brown| smell. It was re-| sediment; slight 
smell. Alkaline. | sediment. Seaweed| jointed and re-| Seaweed ” smell. 
smell. Nearly neu-| opened on 24th| Faintly acid 
tral till boiled, and| July. Itwasnow| from carbonic 
/ then alkaline. fathee blacker and| acid. Alkaline 
had a distinctly | on boiling. 


putrid smell, and the vapours browned 
acetate of lead paper. 


Not analysed. 





322 


SMALL 
DUPLICATE. 
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rs 


ALDERSHOT CAMP FARM, 1901. 


Sewage, with Effluents from New Land ‘“ A.” 





323 


FINAL EFFLUENT 
from New Land 
“A,” (Just trickling 
when drawn). 


323 


LARGE 
DUPLICATE. 


324 


FINAL EFFLUENT 
from New Land 
cA” J 
(Small sample). 


324 


LARGE 
DUPLICATE. 





19th 
. Jointed 
2nd July. 
pened 25th July 
901. 


icubated 


Vhen opened, this 
smelt slightly 
putrid, and the 
vapours black- 
ened acetate of 
lead paper. 


bot analysed. 





Monday, 22nd July 
1901, 11 a.m. 
150° C. (59° F.) 
20-0° C. (68° F.) 


23rd July 1901. 


4°39 
2°46 
None. 


O42 


Pe L220;0 
(1 ininute.) 


The above sample 
was very turbid, 
brown and muddy. 
It had a yellow 
tinge when 
filtered. Strong 
but clean seaweed 
smell, Alkaline. 

The above is virtu- 
ally a sewage. 


Note.—This was 
only a small bottle. 








Jointed 24th July 


Opened 29th 
August 1901. 


When opened, 
this was inky- 
black and very 
putrid, and 





Tuesday, 28rd 
July 1901, 11.15 
a.m. 

150° C. (59° EF.) 


189° C. (66° F.) 
Jointed and in- 
cubated 24th 
‘July. 

Opened Ist Au- 
gust 1901. 
Blackened and 


putrid, with sul- 
phide smell. 


s mellin-g| Not analysed. 


strongly of sul- 
huretted  hy- 
rogen. 


Not analysed, 


Jointed 24th 


July. 


Opened 29th 
August 1901. 





When opened, li- 
quid was brown- 


black with black 
sediment. Put- 
rid, 


Not analysed. 





325 
FINAL EFFLUENT 


from 
New Land “ A.” 


Wednesday, 24th 
July 1901, 10 


a.m. 
15° C. (59° F.) 
18-9° C. (66° C.) 


25th July 1901. 











8'1l 
0°65 
None. 
None. 
9°31 

(0°30 in 13°78) 
0°55 


1-20 


1°07 
2°38 
7:87 


4°28 


8-03 


Very putrid. 


13°40 


14°0 


None. 


This sample was 


deep orown, 
even after filter- 
ing. Rather 


turbid, with a 
small amount of 
brown deposit. 


Suspicious and 
seaweed smell. 
Alkaline. 








325 


SMALL 
DUPLICATE. 


Jointed and in- 


cubated 25th 
July. 

Opened Ist Au- 
gust 1901. 





When opened, this 


was blackened 
and putrid, and 
smelt of  sul- 
phuretted hydro- 
gen. 


Not analysed. 





o 
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ALDERSHOT CAMP SEWAGE FARM, 1901-2. 
Effluents from New Land “A.” 








NOSOFRISAMPER - += - =|. - No. 404 404 461 463 
y - z 5 - | FINAL EFFLUENT SMALL FINAL EFFLUENT FINAL EFFLUENT 
ee FROM NEW LAND DUPLICATE. | FROM NEW LAND | FROM NEw LAND 
6e N22 Coma? “ WA 
Drawn - - 3 2 - - Thursday 17th Octo- —. Tuesday 28th Jan- | Wednesday 29th 


‘Temperature of sample - 
Temperature of air - - ; - 


If jointed or incubated - - - 








ber 1901,11°20 am. 
TNS CB 5? 185) 
10°6° C. (51° F.) 





Jointed and in- 
cubated, 18th 





Gases ; Parts per 1,000 by volume. 
Oxygen (by cuprous chloride) : 


When sample was analysed - 


Remarks = : z - s " 


* Note.—100 C.C. (the quantity taken) 
was really too little for the gravi- 
metric estimation, by difference, of 
the suspended solids in such effluents. 

+ Note.— There is a little doubt here 
xs to a possible clerical error; if 
there was such an error, the am- 


moniacal nitrogen should be doubled. 


























October. 
Analysed - 18th October 1901. | Opened 27th 
November 1901. 
Parts per 100,000, by weight. 
Ammoniacal nitrogen: 
(a) by direct Nesslerization a —— 
(b) by distillation - - 4°52 coe 
Albuminoid nitrogen 0°38 oa 
Nitrous a None a 
Nitric aj 0°31 — 
Total nitrogen by Kjeldahl, with re- 5°35 a 
duction. 
Blank - - - - - (0°30 in 8°11) — 
“«X” nitrogen - - - 0:14 — 
Organie nitrogen by Kjeldahl, with 0°52 —-- 
reduction. 
Oxygen absorbed from permanganate 1:18 ae 
at 26°70° C. (80° F.) ; at once. 
5 rs a after four hours. 5°25 sae. 
‘Oxygen alsorbed from permanganate 
by sample incubated for five days 
at 26°70° C. (80° F.) ; at once - - 1°61 | Twelve oe 
i = » after four hours. 4°66 f days. ao 
‘Smell after incubation - : - Putrid. —— 
‘Chlorine - - - 892 == 
‘Total Solids (Gravimetrically) = ie 
Solids in suspension (by dif.) Seat soto 
‘Solids in Solution - - Lies eee 
Part per 1,000 by volume. ~ 
Solids by centrifuge - ete 27-0 es 


(3 minutes) 


None. 


This effluent had a 
sewage smell when 
it was drawn. 
On 18th October 
it was of a dee 
yellow colour wit 
a considerable 
amount of buff- 
coloured suspend- 
ed matter. Very 
strong earthy 
smell. Alkaline. 


When opened 
this was 
blackened and 
putrid, with a 
smell of sul- 
phuretted hy- 
drogen. 


Not analysed. 


uary 1902, 12noon 
44° C, (40°.F.) 
72° C. (45°? FE) 


29th January 1902. 


1:18 
0°12 
None. 
os { Janae 
1719 
(0°25 in 11°68) 
017 


0°29 


oO 
ey) 
— 


—_ 
Ne) 
ra) 


0°31 \ Seven 
lll f days. 


Sveet, no nitrite. 


8°60 

., (20:2 Volatile 

84 sae Non-Vol. 
*03{ ; 


(19-0 Volatile 


841 \65:1 Non-Vol. 


14:0 
(3 minutes. ) 


a | Three 

5-0 Observers 
Compared with 
Standards 4&6. 

Standards weakened 


This sample was 
almost colourless, 
with only a slight 
yellow tinge. 
Only a very little 
yellow flocculent 
sediment, which 
looked like weed 
of some _ kind. 
Rather fishy 
smell, Alkaline. 





January 1902, 3 

p-m. 

1°7° C. (35° F.) 
0° C. (82. FF.) 


30th January 1902. 





+059 
0:07 
None. 
6:26 

7°84 

(0:25 in 11°76) 

(?) 

(?) 


0-11 

0°71 
0:20 Six 
0°84 J days. 


Sweet, no nitrite. 


10°60 


.7 {18°6 Volatile 
86-1 { 67 Now wal 


eon f00 0 
07 ae s 


_, [18°6 Volatile 
85°4 ee Non-Vol. 


52°0 
(3 minutes. ) 


Just 

under 4°0 ) Three 
4°5 I Obser- 
5:0 vers. 


Almost colourless, 
a.@., only very 
slightly yellow. 
Very little yellow- 
ish-brown  floceu- 
lent sediment, 
apparently weed, 
but more than in 
No. 461. Rather 
fishy smell. Alka- 
line. 
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ALDERSHOT CAMP SEWAGE FARM, 1901. 





Sewage and Effluents from New Land “ B.” 
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ALDERSHOT CAMP SEWAGE FARM, 1901. 
Sewage and Effluents from New Land “ B.” 





No. OF SAMPLE - : : - 


NATURE OF SAMPLE - : P 


Drawn - - - = - - 
Temperature of sample . - - 
Temperature of air 


If jointed or incubated - - 


Analysed 


No. 306 


SETTLED 
SEWAGE. 


307 


EFFLUENT 
FROM NEw 
LAND “B” 


corresponding to 
Sewage No. 306. 





Monday 24th 
June 1901, 
11.30 a.m. 

17°8° C. (64° F.) 


19°4° C. (67° F.) 


25th June 1901 








Parts per 100,000, by weight. 
Ammoniacal nitrogen : 
(a} by direct Nesslerization - 


(b) by distillation - 
Albuminoid nitrogen - E E 


Nitrous " 
Nitric ¥ : ‘ 7 
Total nitrogen by Kjeldahl, with re- 


duction. 
Blank - . : : 2 


“X” nitrogen - - - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); aé once. 
after four hours. 


” ”? ” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 

after four hours. 


” ” rE) 


Smell after incubation ‘5 i 2 


Chlorine E = 7 fs 


Parts per 100,000, by volume. 
Solids by centrifuge - - - 


Gases: Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
When sample was analysed - 


Remarks : 3 i 2 2 


rac ESTE ee 








13°13 
3°20 
Trace. 


Not done. 
16°79 


(0:24 in 12°40) 
0°46 
3°66 


20°76 


11°38 


118°0 
(1 minute) 


Moderately 
turbid and 
brown, with 
considerable 
dark brown 
sediment. 


Strong sewage 


smell. Alka- 


line. 








Monday 24th 
June 1901, 
12.45 noon. 

12:2° C. (54° FF.) 


200° C. (68° F.) 


25th June 1901 


oi2 
2°42 
0:24 
None. 
0:27 
3:03 
(0°24 in 4°63) 
0°10 
0°34 


None or 0°10 
0°65 
4°08 


0°54 Six 
4:°02f days 


Sweet, no nitrite 


or only a trace. 


10°18 


2°5 
(1 minute) 


Trace. ? 


This was 
slightly turbid 
and very 
brown, with 
but a very 
small amount 
of buff-brown 
and grey sus- 


pended mat- 
ter. Earthy 
smell. Acid 


from carbonic 
acid. 





307 


SMALL 
DUPLICATE. 





Jointed and in- 
cubated 25th 
June. 

Ist July 1901 


| Tuesday 25th 





309 


FINAL 
EFFLUENT FROM 
NEw LAND “B” 

(Rye Grass. ) 


| 
June 1901, 


12.15 noon. 
12:8 C.1(Sda Ee) 


18°9° C. (66° F.) 


26th June 1901. 


309 


SMALL 
DUPLICATE. 


Jointed and in- 
cubated 26th 
June. 

8th July 1901. 











2°30 
0°30 


Trace. 
0°19 


After ineuba- 
tion this was 
very brown 
and fairly 
clear. One 
small piece of 
brown  sedi- 
ment. Clean 
smell. 








2°64 
2°76 
0°29 


None. 
0°10 
*3-53 { ee 
(0:24 in 5:35) 
0°38 
0°67 


0:47 
0°35 
1°13 
4:97 


0°92 

4°74 
Sweet, strong ; 
trace of nitrite. 


10°58 


1:0 
(1 minute) 


Doubtful trace, 


Deep brown, even 
when filtered. 
Practically no 
sedimen t. 
Clean smell. 
Acid from car- 
bonice acid, but 


alkaline on 
boiling. 
* Note.—The 


“Kjeldahl” 
begun on 26th 
June, showed no 


organic nitrogen, so this analysis 
is not very satisfactory. It is 
difficult to see how the above 
sample kept non-putrescent, with 
0°67 organic nitrogen and only 
0:10 nitric nitrogen. 





2°98 
0°34 


None. 
None. 


Suspicious. 


After ineuba- | 
tion this was | 
deep brown, | 
even when |. 
filtered. Prac- |, 
tically no | 
sediment. | 
Suspicious 
smell. 











312 


FINAL 
EFFLUENT 
FROM NEW 
LAND “B.” 


Tuesday 
July 1901, 1 


p.m. 
| 12°8° C. (55° F.) | 12°8° C. (55° F.) 
| 16-1° C. (61° F.) |20:0° C. (68° Fy 


poaensd 4th | 4th July 1901. 


uly 1901. 


| When opened 
on 4th July, 
this was smell- 
ing and very 
turbid, more 
turbid than it 
wasoriginally. 

It was therefore 
rejointed on 
4th July, with 
the admission 
of only a very 
small air- 
bubble. 

On 9th July it 


was blackened, |-— 


and had — 
curiously — 
a fresh sewage 
smell. 

Not analysed. 


2nd | Wed. 3rd July 
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ALDERSHOT CAMP SEWAGE FARM, 1901. 
Effluents from New Land “ B.” 





No. 313 313 
FINAL Er- | SMALL DUPLI- 
FLUENT FROM CATE. 
Ntw LAND 
‘é B.” 


1901, lla.m. 


Jointed and in- 
cubated 4th 


July. 
30th aly 1901. 





317 


FINAL 


EFFLUENT FROM 


NEw LAND 
(T3 B. +P) 


Tuesday 9th July 


1901, 11 a.m. 


13-9° C (57° F.) 
20:0° C. (68° F.) 


llth July 1901. 





317 


SMALL 
DUPLICATE. 


Jointed and incu- 
bated, 10th July. 


318 


FINAL EF- 
FLUENT FROM 
New LAND 
“ Be: 


Wed. 10th July 
1901,11.49 a.m. 


14:4? C. (58° F.) 
24°4° C. (76° F.) 


Opened 7th August | 11th July 1901. 
1901. 














2°14 2:09 ( 2 drops 
sod, carb. 
0°33 0°32) solution 
added. 
None None. 
0-40 0:07 
3°04 a 
(0:24 in 4°64) ae 
0°17 —— 
0°50 a 
0°38 a 
1°67 2°93 
7°24 — 
1°84 —. 
7:12 —— 
Sweet, no | Putrid, with a 
nitrite. slight smell of 
sulphuretted 
hydrogen. 
9°76 ao 
19°0 ee 
(1 minute) 
None. se 
Dark brown, | After incuba- 
even when| tion, brown 
filtered. Very} and turbid, 
little sus-| with a putrid 
pended mat-! and slight sul- 
ter. Clean} phuretted hy- 
earthy smell. | drogen Stiell 
Strongly acid small 
from car- | amount of 
bonie acid,| brown  sedi- 
and just al-| ment. 
kaline when 
boiled. Note. --Assum- 





ing that those 

two bottles No. 

—_——— 313, were real 

duplicates, the analyses show 

the different effects of differ- 

ent lengths of time for incu- 
bation. 











Not done. 
Liquid too dark. 
1°81 


0°23 

0°02 

0°01 

2°14 
(0°30 in 3°40) 

0°07 

0°30 


0°31 
1:10 
4:19 


0°95 
4°14 


Sweet, no nitrite, 


9°40 


8-0 
(1 minute) 


None. 


Deep brown 
colour even 
when filtered; a 
little less col- 
oured than No. 
318, but con- 
taining rather 
more suspended 
matter.Seaweed 
smell. Acid 
from carbonic 
acid, tending to 
alkaline on 
boiling. 


Note.—It is 
noteworthy that 
this should have 
kept on incuba- 
tion. 








When opened, this 
incubated effluent 
was still yellow- 
brown, but 1t was 
putrid and smelt 
strongly of  sul- 
phuretted hydro- 
gen, which dark- 
ened acetate of 
lead paper. The 
liquid itself did not 
blacken. Cf. Note 
to Sample No. 318, 
duplicate. 

Not analysed. 


Note.—The note 
made with regard to 
Ne. 313 and dupli- 
cate also applies to 
317 and duplicate. 








Not done; too 
dark coloured. 
2:25 
0:26 
None. 
0:02 
2°69 


(030 in 419) 
0°16 
0°39 


0°04 
0°93 
4°34 


1°26 
4°54 


Sweet, no nitrite. 


2°5 
(1 minute) 


None. 


Dark brown 
and — slightly 
cloudy. The 
colour was not 
appreciabl 
lessened by til- 
tering. Clean 
seaweed smell. 
Acid from ear- 
bonic acid, 
tending to al- 
kaline on hoii- 
ing. 

Noteworthy that 
this should 
not have gone 
putrid on in- 
cubation. 











318 


SMALL 
DUPLICATE. 


Jointed and in- 
cubated llth 
July. 

Opened 7th 

ugust 1901. 


When opened 
this effluent 
was still yellow- 
brown, but ir 
was putrid and 
smelt strongly 
of sulphuret- 
ted hydrogen, 
which dark- 
ened acetate of 
lead paper. 

About an hour 
after opening, 

the colour 
changed from 
yellow - brown 

to intense 
greenish black. 

Not analysed. 
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ALDERSHOT CAMP SEWAGE FARM, 1901. 
STREET WASHINGS. 











No. OF SAMPLE- - - - No. 311 311 314 
NATURE OF SAMPLE - -— - STREET WASHINGS SMALL DUPLICATE. STREET WASHINGS. 
FROM SURFACE WATER. 
DITCH. 
Drawn - - - - - - - | Tuesday, 2nd July 1901, od Weaaae x July 


Temperature of sample - - - 
Temperature ofair - - : 


If jointed or ineubated- - - = - 


Analysed - ; - - - E 


Parts per 100,000, by weight. 


Ammoniacal Nitrogen : 








12.45 noon. 
161° C. (61° F.) 
16°1° C. (61° F.) 


3rd July 1901. 


Jointed and incubated, 
3rd Joly Rejointed, 
22nd July. 

Opened, 24th July 1901. 


156° C. (60° F.) 
21°1° C. (70° F.) 


4th July 1901. 


(a) by direct Nesslerization - . 0°49 ao 1°66 
(b) by distillation- - - - 0-49 — 1°70 
Albuminoid nitrogen - -~ - 0-49 —— 0°34 
Nitrous i - - : - Trace. (?) mead None. 
Nitric 4 ed ne 0-12 —— 0°02 
Total Nitrogen by Kjeldahl, with re- 1°66 =A 2°36 
duction. 
Blanks: 3-  |--) age (0'24 in 2°64) — (0°24 in 3°66) 
“X” nitrogen - - - 0°56 - ———— 0°30 
Organic nitrogen by Kjeldahl, with 1°05 ae 0°64 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 0°75 a 0°83 
Nesslerization. 
(b) Taking ammonia by distillation 0°75 — 0°79 
Oxygen absorbed from permanganate 2-76 — 0°81 
at 26'7° C. (80° F.); at once. 
ai 3 fe after four hours. 8:93 — 3°46 
Oxygen absorbed from permanganate 
by sample incubated for five days at 
267°C. (80° Fi); atonce= =.) 4. 4:08 — 1:97 
a is after four hours. 9:94 —_— 2°92 


Smell after incubation = 


Black and smelling of sul- 


Black and smelling of 


phuretted hydrogen. sulphides. 
Chlorine : = Fs F . 1°40 Soe 4°54 
Parts per 100,000, by volume. 
Solids by centrifuge - - Not done, because of large Taran 65:0 


Gases: ports per 1,000 by volume. 
Oxygen (by cuprous chloride) : 


When sample was analysed - 


Remarks . : 


amount of grit. 


Too turbid. 


Turbid and brown, but the 
liquid had only a slight 
brown tinge when fil- 


When opened this was 
blackened, distinctly 
putrid, and smelling of 


This 


(one minute) 


None. 


was turbid and 
brown. It hada muddy 
appearance from con- 


tered. A great deal of sulphuretted hydrogen.| siderable suspended 
sand, and also brown- matter, with grit at 
ish suspended matter. | Not analysed. bottom of bottle. Ve 


Clean smell. Almost 
neutral, tending to alka- 
line. 


\ 


slight putrid smell. 
Alkaline. 


SS 


ALDERSHOT CAMP 
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SEWAGE 


FARM, 


Well Water; Brook Water alone and admixed with Effluent. 








0. OF SAMPLE - = 3 r I 
ATURE OF SAMPLE - 4 Fi . 
rawn - * - - - a s 


emperature of sample 
emperature of air 

ointed or incubated : = i 
lysed - . . : é r 





Parts per 100,000 by weight. , 
mmoniacal nitrogen : : 
(a) by direct Nesslerization - 
ee) by distillation - - - - 
lbuminoid nitrogen - - -~— - 
itrous rs : = = : 
itric : . - - - 
ital nitrogen by Kjeldahl, with re- 


duction (after nitrite correction). 
lank = - 2 : 3 eS . 5 


rrection for nitrite - - - - |} 


X” nitrogen - - - SOM 
‘ganic nitrogen by Kjeldahl, with 
reduction. 


‘ganic nitrogen by Kjeldahl, without 
reduction : 
Taking ammonia by distillation - 


cyuen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
after four hours. 


> %) ” 


xygen absorbed from permanganate 
sample incubated for five days 
at 26°7° C. (80° F.); at once - - 


” PY) s after four hours. 
nellafterincubation- - -~ - 
ulorine - 4 7 : 5 3 
Gases: Parts per 1,000 by volume. 
arbon Dioxide (free) - -~— - : 
xygen (boiled out) - : 2 es 


itrogen : = 2 : 


a 


Note.—A + correction of ‘01 
has been made in the figure for 
nitric nitrogen in Nos. 515, 316, 
316 jointed, 326, and 327, to allow 
for the loss of nitrite in boiling 
down for nitrate, and a corres- 
Pte — correction in the figures 
or‘ X” and organic nitrogen. 


No. 60 


WELL WATER 
to represent 
subsoil water. 
Well 8’ 6” deep 
with 3’ 6” of 
water in it. 


Monday, 2nd 
April 1900, 12 
noon. 

7-2° C. (45° F.) 


3rd April 1900. 


Too dilute. 
0-001 
0016 
None. 
0-11 

Not done. 


0-061 
0-102 


0°761 


Not done. 


8°57 
2°05 
17°43 


Clear, except- 
ing for asmall 
amount of 
greyish-brown 
floceulent mat- 
ter. Neutral. 
No smell. 
Moderate 
amount of 
lime and sul- 
phate in solu- 
tion, and a 
trace of iron. 

Pure enough, 
but evidently 
containing 
some  oxidiz- 
able matter. 




















56 


GENERAL 
EFFLUENT 
from low 
unchalked Land. 


27th 
1900, 


Tuesday, 
Maren 
12.15 noon. 
7°8° C. (46° F.) 


28th March 1900. 


57 





RIVER WATER | RIVER WATER 


above effluent 
outiall. 


Tuesday, 27th 
March 1900, 
12.30 noon. 


| 
| 
| 
| 


1900-1901. 
58 59 
RIVER WATER 
containing containing 
effluent. Drawn effluent. 
immediately Drawn 
below the 170 yds. below 
Junction. Junction. 


Tuesday, 27th 
March 1900, 
12.45 noon. 


5°6° C. (42° F.) | 5°8° C. (42°3° F.) 


30th March 1900. 





(0-22 in 11°36) 
+0°04 
0°68 


0:97 
3°76 


Distinctly putre- 
factive. 
10°26 


81°44 
3°10 * 
18°05 


This effluent was a 
little polluted, but 
it was originally 
a very bad one. 
Turbid, with very 
considerable 
brown. flocculent 
matter. Slight, 
butdistinct putre- 
factive odour ; 
slightly acid. 
Very considerable 
amount of lime, 
and a great deal 
of sulphate in 
solution. 
*Note.—The pre- 

sence of this large 
amount of oxygen 
in a bad efflnent 
must be due to the 
low temperature. 








Turbid. 
0°61 
0°19 

None. 
0°31 
1°10 

(0°22 in 1°81) 
None. 

None (-0:01) 
0:19 


0°16 
0°04 


1:02 


0°13 
0°88 
Sweet: 


3°70 


21°37 
6°89 
17°66 


Opalescent, 
with appre- 
ciable though 
not very great 
amount of 
brown floccu- 
lent matter. 
No smell. 
Slightly alka- 
line. A great 
deal of lime 
and aconsider- 
able .amount 
of sulphate in 
solution. 

Though well 
aerated, this is 
not  satisfac- 
tory for a river 
water. 





| 


29th March 1900. 


Tuesday, 27th 
March 1900, 
1.15 p.m. 


5'8° C. (42°3° F.) 


59 


DUPLICATE. 


Jointed. 


29th Mar. 1900.) 3rd May 1900. 





Turbid. 
0°99 


0°15 
None. 
0°62 
1°92 
(0°23 in 3:02) 
None. 
0°16 
0°31 


0:21 


0°20 


1°46 


0°48 

1°45 
Doubtful, 

4°40 


24°98 
6°51 


17°50 
This was 
transferred to a 
250 C.C. flask 
and drawn in 

from that. 


Opalescent, 
with appreci- 
able brown 
flocculent mat- 
ter (rather 
aggregated). 
Clean earthy 
smell. Slowly 
alike alone. 
Much lime in 
solution, and 
avery consider- 
able amount 
of sulphate. 











Turbid. 
0°88 
0°15 

None. 
0°61 
1°69 

(0°22 in 2°68) 

None. 
0:05 
0°20 


0:34 
0:25 


1°49 


0°25 

1-30 
Sweet (?) 

4°32 


25°90 
6°77 
17°49 


Opalescent, 
with quite 
an appreci- 
able amount 
of brown 
flocculent 
matter. 
Clean earthy 
smell. Very 
slowly alka- 
line. Much 
lime and 
sulphate in 
solution. 


merceu 





The 


had 
through the 
joint, and there was 


Turbid. 
1°06 
0°10 

None. 
0°34 
1°64 

(0°19 in 2°57} 

None. 
0°14 
0:24 


0°25 
0:05 


1°02 


0:21 
1°30 


Sweet. 


29°54 
0°02 
18°24* 


flocculent 
matter had 
aggregated 
somewhat. 
Clean earthy 
smell. Very 
slightly alka- 


line. 
The above sam- 


ple had ex- 
hausted all its 
dissolved oxy- 
ven and half of 
its nitrate. 

* Note.— Water 
oozed 


a small bubble of gas at the 
top of the bottle (say, 0°1 to 


0-2 C.C.). 


) | | 


6225, 


¥ 
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ALDERSHOT CAMP SEWAGE FARM, 1901 


Brook Water alone and admixed with Effluent. 
hiaeubeinibensutat nairepetbannembGemer i EAN 


eS ee 


No. oF SAMPLE - 


NATURE OF SAMPLE - 


No. 315 


Brook WATER 
above eftiuent outfall. 





Drawn - - 


Temperature of sample 
Temperature of air - 


If jointed or incubated 


Analysed 





Parts per 100,000 by weight. 
Ammoniacal nitrogen : 
(a) by direct Nesslerization - 
(b) by distillation - 
Albuminoid nitrogen 
Nitrous .. 
Nitric i 


Total nitrogen by Kjeldahl, wth re- 
duction. 


Blank - - - 

“X” nitrogen 

Organie nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen hy Kjeldahl, withour 
reduction : 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Takingammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 


3 ” ” after four hours. 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - 

after four hours. 


bP] oD ” 


Smell after incubation 
Chlorine 3 fs = P ‘ 


Parts per 100,000 by volume. 


Solids hy centrifuge - - - 


Gases: Parts per 1,000 by votwme. 


Oxygen (by ecuprous chloride) : 
(a) When sample was drawn 


(b) 3? ” ”? 


analysed 


Remarks z 3 : P 4 


a OT 





Monday, 8th July 1901, 
11.30 a.m. 


20-0° C. (68° F.) 
19°4° C. (67° F.) 


10th July 1901. 


315 


SMALL 
DUPLICATE. 





Jointed and incubated, 


9th July. 
22nd July 1901. 


316 
Brook WATER 


drawn 30 yards below 
outfall. 


Monday, 8th July 1901, 
12 noon. 


20-0° C. (68 F. 
20-0° C. (68° F.) 


10th July 1901. 





3-20 
2°83 
0-15 
0-09 
0-04 
3-20 
(0-24 in 4:88) 
0-09 
0-24 


None (—0°14) 
0-23 


0°50 
1°81 


0°43 
1°61 


Sweet, about  0°025 


nitrite nitrogen. 


7:96 


24-0 
(1 minute. ) 


5°0 
Py, Two 
abt. 12 f observers 


This sample was cloudy 
when drawn. On 10th 
July, it was turbid, 
with brown suspended 
matter; yellow when 
filtered. Clean earthy 
smell. Alkaline. 








2°81 
0:24 
None. 


0°02 


Strong, but not putrid ; 
suspicious (?) 


7:0 
(1 minute). 


After incubation this 
sample was fairly clear, 
with a slight yellow 
tinge and a small amount 
of brown sediment. Two 
observers gave the smell 
as (1) strong but not 
putrid ; (2) suspicious. 








3°36 
2°78 
0-21 
0-09 
0°84 
4:08 
(0°30 in 6°21) 
0-16 
0°37 


None (—0°20) 
0°38 


0°65 
2°03 


0°56 
2°02 


Sweet, no nitri 
9°34 


220 
(1 minute. 


3'0 
None on 10th. 


Cloudy blue when drawn. 
On 10th July turbid with 
a small amount of brown- 


ish sediment. Yellow 
when filtered. Clean 
smell (like seaweed ?) 
Alkaline. 
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ALDERSHOT CAMP SEWAGE FARM, 1901. 
Brook Water alone and admixed with Effluent. 




















| 
316 326 326 327 | 327 
SMALL Brook WATER SMALL Brook WATER | SMALL 
DUPLICATE 30 yards above effluent DUPLICATE. 30 yards below effluent | DUPLICATE. 
outfall. outfall. | 
—— Wednesday, 24th —— Wednesday, 24th —— 
July 1901, 10.35 July 1901, 11 a.m. 
a.m. 
oe 16°1° C. (61° F.) bats 16°1° C. (61° F.) ened 
—— 18°9° C. (66° F.) —— 189° C (66° F.) —— 
Jointed and _  ineu- = Jointed and incubated, es Jointed and incubated, 
bated, 9th July. 25th July. 25th = =July — (Joint 
changed, 31st July). 
2nd August 1901, 26th July 1901. 9th August 1901. 26th July 1901. 4th September 1901. 

















2°98 4:25 4:41 3°47 3°52 
0°17 0:21 0-17 0:22 0:20 
0:09 0:09 None. 0:08 Trace 
0°55 0°61 None. 0°51 0°26 
aoa 4°76 —- 4:26 — 
—-- (0°30 in 7°19). —— (0°30 in 6°47) —— 
—— 0:20 — *None (—0°02)? —-- 
—— 0°41 — 0:22 — 
— None. seo 0-48 satis 
0:44 0°55 0°53 0°58 0°52 
—— 2°33 —— 2°35 a 
ee 0°62 — 0:47 ——- 
—— 2°16 — 2°03 —- 
Clean. Putrid ; trace of Suspicious. Sweet; trace of No smell. 
nitrite (?) nitrite. 
-_— 11°42 —— 10°70 ae 
ee 6-0 —— 29:0 —— 
—— None. —— None. — 

After incubation this | Yellowish, even when | After incubation, Yellow, even when | After incubation this had 
had a slight yellow] filtered, and of a] brown, with slight| filtered. Turbid ;} a slight yellow tinge, 
tinge, with a small| deeper tint than No.| brown _ sediment.| a small amount of| with a small amount of 
quantity of brown| 327. Turbid, witha] Suspicious smell. brown suspended | aggregated brown sedi- 
sediment. Clean{ small amount of matter and much} ment. No smell. 
smell. brown suspended insect debris, chiefly 

matter. Earthy gnat larve skins. 
smell. Alkaline. Clean faint seaweed 


smell. 


* This must surely 
be wrong. 
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ALTRINCHAM SEWAGE FARM. 





CHEMICAL REPORT. 


1. Situation of farm—Bordering on Carrington Moss, about two miles from 
Altrincham. 


. Total acreage of farm—75‘5 acres. 


. Total irrigable area—35 acres. 


m eo bd 


. Average area irrigated at one time—17°5 acres. 


On 


. Population draining to farm—18,000. 
. Population per acre irrigated—514. 


. Gallons of sewage per head per day—44°4. 


co nN © 


. Dry weather flow of sewage per 24 hours—800,000 gallons. 
9. Gallons of sewage treated per acre per 24 hours—46,000. 


10. Gallons of sewage treated per acre per 24 hours, on the assumption that each 


-acre of the irrigable area is under sewage all the time—23,000. 
11. Character of the sewage—Domestic. 
12. Method of treatment—Settling tank and land filtration. 


13. General character of the soil and subsoil—Peaty soil, lying upon sand and 


gravel. 
14. Separate or combined sewerage system—Combined. 
15. The final effluent is discharged into—Sinderland Brook. 


16. Number of years farm in operation (before 1900)—30 years. 
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ALTRINCHAM SEWAGE FARM. 





The Altrincham Sewage Farm, which has .been in operation for fully 30 years, 
i.c., since about 1870, may be taken as an instance of a peaty soil overlying sand 


admixed with some gravel, not peat pure and simple. 


To quote from the Engineering Report :—‘“‘ The soil varies in places, the 
surface soil consisting of 8in. to 10in. of black porous soil, mixed with, and resting 
upon, a layer of decomposed peat, 4in. to 7in. deep, superimposed upon fine white: 
sand and gravel. About one half of the farm was formerly pure bog land (Carrington 
Moss); the remaining half or southern portion of the farm is of a sandier nature. 
The actual peat land is not irrigated. There is a large quantity of iron in the soil, and 


a “pan” of some 3in. to 6in. in thickness occurs in places.” 


The total irrigable area is 35 acres, of which 12 acres are in osier beds. About 
half of this irrigable area is sewaged at one time—a much larger proportion than at 
any of the other farms which haye been under prolonged observation by the 


Commission. 
The land is drained at an average depth of 3ft. Qin. 


The sewage can only be treated once.* The effluents are therefore percolation 


efluenis, like those at Nottingham, Cambridge and Aldershot Camp. 








* ‘The lagoon liquor was sometimes passed from one lagoon into another before filtering through the soil. 


—_ 
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Soil and Subsoitl. 


The following table gives the mechanical analysis, etc., of the soil (time did 
not permit of the subsoil being analysed). Though the various fractions of soil 
were not drawn in exactly the same way as the samples at the other six farms, 
they were taken from a sufficient number of spots to be considered fair average 


samples :— 


ALTRINCHAM SEWAGE FARM. 


NAME OF FRACTION. 


Surface soil per cent. | Subsoil per cent. 


Not : t Not 





Fine ‘Gravel ” (above 2°0 m.m. diameter) - 
Coarse “Sand” (above 1:0 m.m. diameter) - 
Coarse “Sand” (above 0°5 m.m. diameter) - 
Medium “ Sand ” (above 0°25 m.m. diameter) 

Sand” (0:25 to 0°05 m.m. diameter) : 
“Silt ’ (0°05 to 0°01 m.m. diameter) - - 


“Dust” (from 0-01 m.m. downwards, which 
settles from water in 24 hours) - 


“Clay” (ie. the still finer residue pre- 
cipitated from water by dilute nitric acid) 


Loss on ignition (separate determination) - 


Real specific gravity of soil dried at 110°C. 
Apparent specific gravity - . 2 4 


Number of particles in 1 gramme of the 
ignited soil (approximate) 2 i 


Number of particles in 1 ¢.c. of the ial 
soil (approximate) - : a J 


‘Weight of water retained by 100 grammes 
of soil when fully drained — - - : 


Parts per 100,000. 


‘Lime dissolved by water in 24 hours 


Lime dissolved by water saturated with 
carbonic acid in 48 kours - - 


For a discussion of the figures 


‘|}1095 | 7-64 3:31 
} 2884) 2-18 0-70 
23-24 


ath 








Ignited. Ignited. | Difference. Ignited. Ignited. | Difference. 
6°34 4°85 1:49 | 
3°16 2°05 bt 
3°65 yas i 1:28 
6°80 5°60 1:20 
37°56 33°22 4°34 
27°16 16°44 10:72 














98-45 | 97-54 | 2415 
2-377 
| 0:858 


\ 1,284,209,670 





\ 1,101,862,900 








\ 66-2 457 
J 

0-045 0-016 
} 0-197 0-068 





given in this Table, see Section upon Soils, page 275. 
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Volume of Sewage per acre, ce. 


The average dry weather flow of sewage is 800,000 gallons in 24 hours, but great 
fluctuations occur in the flow during wet weather, the combined sewerage system being 
in use. The population draining to the farm being 18,000, the dry weather flow 
works out to 44:4 gallons per head, and the number of persons per acre irrigated is 
514. Mr. Kershaw says in his Reportt that although ‘‘w.c.’s are _used over 
the greater part of the town, there are a few privies, the contents of which are not 
dealt with at the sewage farm.” These privies, however, are so few in number that 
they may be neglected. Much of this dry weather flow of 44:4 gallons per head consists 
of subsoil water leaking into the sewers. 

There is but little subsoil water above the level of the drains at the farm itself. 

As already stated, about half of the irrigable area is under sewage at a time, one 
acre thus treating 46,000 gallons of sewage or lagoon liquor. But again assuming, 
for purposes of comparison, that the entire irrigable area is under sewage continuously, 
then each acre treats 23,000 gallons per 24 hours all the year round. The farm thus deals 
with a large volume of a dilute sewage per acre, and also a large quantity in the 
aggregate of organic matter, although not so much as is treated at Cambridge; the 
analytical data do not allow of a more precise statement here. 


Nature of Sewage (Diagram No. 10). 


The Altrincham sewage may be taken as purely domestic, there being practically no 
trade refuse in it. It must, of course, not be forgotten that the sewage contains the 
runnings from streets, roofs and backyards during storms. The sewage is weak, and 
it arrives at the farm in a fairly fresh condition. No sets of hourly samples of it were 
taken, but only four chance samples of sewage and five of lagoon liquor (*), the latter 
being, if anything, the stronger. As has been stated in the Engineering Report, there 
is practically no tank settlement at the farm. Any calculations as regards percentage 
purification, therefore, which are made on the basis of these analyses must be very 
approximate indeed, and of doubtful value. 7 

All those samples were drawn in April and May, 1900, and in the same months of 
1901, the other arrangements not allowing of a visit at a different time of the year. 
The temperature of the sewages when drawn varied between 7:2° and 17°7° C. (45° and 
64° F.), and that of the lagoon hquors between 8°3° and 17:2" C. (47° and 63° F.). — 

There was nothing unusual about the character of the sewages, the amounts of 
grey, brown or black suspended matter in them being moderate. No. 249 had a soapy 
smell. The three samples tested for reaction were alkaline. The lagoon liquors were 
turbid, had a sewage smell, and were also alkaline in reaction. Some of them were 
green from the presence of algze. 


Sewages and Lagoon Liquors together. 


The following isa summary of the more important figures of analysis :— 





Average. 

Total nitrogen—9 chance samples (2°06 to 5:01) - ; . ? 3°56 
Ammoniacal nitregen—9 chance samples (0°69 to 3°69) : : 2°29 
Total organ nitrogen—9 chance samples (0°73 to 3:00) - —- : 1:24 
Albuminoid nitrogen—9 chance samples (0°20 to 1:14) : : 0°62 
“ Oxygen absorbed” from permanganate in 4 hours at 26:7 C. (80° 

F).—9 chance samples (2:29 to 6.98) - - - : : 5°22 
Chlorine—9 chance samples (7°22 to 12°88) - : 5 : 9°43 
Chlorine in water supplyt — - - . : - - 1203 
Chlorine in one sample of subsoil water (No. 78) - - ” : 1°54 
Solids in Suspension by Centrifuge (Volumes) (two sewages and 

three ponded liquors) (27 to 99) - - - - : ; 72:0 





= s 





* For an explanation of the terms “ ponded” and “lagoon” liquors, see the Engineering Report. 
_ + This is taken from an old analysis, kindly supplied to me, in which I am assuming that the various 
figures were given in grains per gallon, 


{ Part IV. Engineering and Practical Report. ' 
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Sample No. 68, though: not ineluded.-in, the, above. nine. samples,, may,.also be 
referred to here. It was a storm water, drawn.after the,.overflow, had; worked for 
1; hours. As will be seen by referring -to the: Tables. of Analysis, it was_a weak 
sewage, and was already putrid, when received. UTE He RV OAT 5 4) 


One or two points with reference, to Fs ahove analyses’ ‘may be referted to: — 


It will be seen by looking: at.the curves that, although the chlori me did not vary, 
much in the four sewages, they. were. otherwise .very. uneyen in composition, 
though in no case strong ; the chlorine varied, relatively. much more,in the five 
lagoon liquors, but the .other.constituents. less.. A glance at the total nitrogen 
curve in the lagoon liquors will show that it was, a fairly constant quantity, the 
lagoons thus acting more‘or less as equalising. besides. as. septic tanks, it will, be 
noticed that these liquors: contained no nitrite; 


The average ratio between albiminoid nitrogen and “ omygen absor bel” im four 
Acurs varied in the four samples of sewage betwéen 1: 6-5 and 1 : 13°2; the average 
being 1: 8-4; in the lagoon Hanes the extremes: were 1: Bs 1 and 1: 152, and the 
average 1 : 9°5 B. 


3 - 
Excepting in No. 69, the vatio nibetlucel hake organic nitrogen and, enygen. absorbed.” 
in four hours was very even in-the lagoon. liquors; the average ratio for, the five 
samples being 1:53. In the four samples of sewage this ratio was yery. uneven. 
In the five samples tested, the estimation of pears ENN by the two different 
Kjeldahl methods agreed very wells fi GAM Wo: vir 

bea day Ly Asse PHO Lay i angel 


a ae pee ‘am, No. 11.) 


vee 


As stated already, these are percolation or filtration effluents from one ieenens 


of settled (4) sewage or lagoon Jiquor’ aes an” average se depth of 3ft. oint of the 
composite soil previously described.” Ha crane 


Siateen chance samples of affluent 1 were 2 examined, aes of them in ‘duplicate alte , 
jointing or incubation, making twenty-one analyses, in all. They , are arranged... con 
tinuously on the sheet of curves in-the following, order :-=...,. ;. 


ic eneral offiuents (150° * + Reed ee bad ge dine 
(b) Effluents from mangolds (3). 
(c) Effluents from osier beds (5). feb ee : He “t a rh ‘ile nen te 


‘TEFL? VY 


(d) Effluents from uneropped arable land: (eM Os ¥f alle Ne 


Mr. Kershaw’s Notes on oe should be referred to for further details of each- 
of these.* L Seige STA dupa wl 2 


2 iP 'p ws Ais 


These were all anal iv the ett of iAprileand May}: 1900 auld 1904, théir tem: 
peratures varying between the comparatively narrow limits of 55° and 11‘1° C. (42° and 
52°F). Speaking generally, the-effluents, which were’ dilute, in’ nOb! pate ‘a ates Ne 
in strength. eA MERGINO RY gti a Soa ae 


The following Table shows some of the, more important average ee figures 
from the examination of 14 to 18 effluents, details being given in the annexed Tables 
of Analysis and Curves :—- 


j "Average: 
Total nitrogen (1°36 to-4:99) — - mi BYP rae WeArT sao) AL eke Gay Jet QrQQe Lb 
Ammoniacal nitrogen (0°65 to 1°87) - eB Dhs Wa Seat isk Gamo” Wy 28 r 
Albuminoid nitrogen (0°07 to 0°25) - - = : - - 0°13: 
Total organic nitrogen (0°40 (2) to'0°45) < boa oe Be vente ise 
“Oxygen absorbed” from Eisteibotioe se at 26:7°.C. (80° F.) in ) 
4 hours (0°92 to 2° 65): Ata i RED EG Wii dt) o devihadr ah Ag eden tl, W453 
Incubator test (as jndged by mo Op nt eae ete ee Ady TP per ‘Gent, passéd 


(I 6 samples tested). 


ad A Faro AES wart 





* Part IV. ce Bagel and Fabel Report. 
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Those effluents contained varying amouuts of rea-brown tlocculent matter, no 
doubt mainly ferric hydroxide or basic carbonate, which gave to many of them a 
turbid appearance and a deep brown colour. Nos. 267 and 274 showed this more 
particularly ; in No. 66, it is noted that the colour was due to iron and not to peaty 
matter, and this no doubt applies to the others also. After being filtered, some ot 
the effluents were just tinged, but others were still very brown. They had either no 
smell at all or an iron smell; in one or two instances the odour was so strong as to 
be suspicious, but the presence of so much iron necessarily made the characterisation 
of the smell more difficult than usual (c/ No. 251z.). There was much lime and 
much sulphate in solution, and also—as stated above—very considerable quantities 
of iron, mostly in the state of ferric hydroxide, partly in suspension and partly in 
solution: in the worse effluents some ferrous iron was also present. Strictly speaking, 
they would have been the better for being strained or settled before being run into 
a brook (¢/ remarks on the Aldershot Camp farm effluents). Besides affecting the 
smell, the presence of so much iron accounts for the comparatively small quantity of 
dissolved oxygen found in those effluents; under ordinary conditions effluents of 
this class ought to have contained more oxygen, although, on the other hand, it must 
be remembered that the Altrincham effluents come from a weak sewage, and would 
therefore tend to take up oxygen more rapidly than effluents of apparently the same 
chemical composition derived from a strong sewage. The dissolved oxygen test 1s 
therefore to a great extent discounted here.* 


The analytical tables and curves show that, with the exception of Nos. 66 and 252, 
both of which contained a large reserve of nitrate evidently washed out of a mangold 
plot, the effluents were fairly even in composition, though they gradually became 
slightly stronger towards the end of the second period of observation. 


The small amounts of dissolved oxygen present when the samples were analysed 
(maximum = 1'3 c.c.) has been already referred to, and an explanation offered.* Out 
of five estimations made of the dissolved oxygen at the time of drawing, the maximum 
(3:0 cc.) was found in No. 251. For percolation effluents the quantity of 
dissolved carbonic acid was not very great in the five samples tested for this; this 
would arise in the first instance from the original sewage being rather weak, and in 
the second, possibly, from some of the carbonic acid being taken up by the iron in the 
soil. 


The ammoniacal nitrogen in sixteen effluents (including four percolation efiluents 
direct from the lagoons) varied between 0°65 and 1°87, the average figure being 1°23 ; 
thus rather more than half of the total nitrogen in those effluents consisted of 
ammoniacal nitrogen. 


The albuminoid nitrogen in the sixteen samples varied between 0-07 and 0°25, the 
average being 0:13. All of the nine, excepting possibly No. 248, kept on incubation. 


The figures for “oxygen absorbed” varied between 0°92 and 2°65, average 1°75. 
All of the five, excepting possibly No. 70, kept upon incubation. 


Mr. Scudder’s incubator testt by permanganate and the incubation test by smell 
agreed on the whole. Three of the sixteen effluents went distinctly putrid on 
incubation, while some others were doubtful. : 


The total nitrogen in fourteen effluents varied only between 1°36 and 2°23, a low 
figure. In samples Nos. 66 and 252 it went up to 4°97 and 4°99. The average for 
the whole sixteen was 2°22. 


The total organic nitrogen was not as a rule large. Speaking generally, it was 
just twice the albuminoid nitrogen, but the two curves bear no relation to one | 








* Note.—The difficulty of estimating oxygen in brown-coloured samples by the copper chloride method 
has been referred to in the Report on Methods of Chemical Analysis (Part V.). But even allowing for 
this, it would not apply to the earlier samples, which were boiled out. ; 


t In one or two samples, where nitrite was not determined after incubation, it was assumed to be no © 
greater than before incubation. ai 
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another. The determination of organic nitrogen by Kjeldahl wwthout reduction came 
out badly in the case of these effluents; by the method with reduction it was 
moderately satisfactory, but one cannot say more. 


Only comparatively few of these effluents contained nitrous nitrogen, in amounts 
varying between 0-03 and 0°11 parts per 100,000. 


The nitric nitrogen (again excepting samples 66 and 252) never reached 1 part per 
100,000, and in the larger number of the samples was decidedly low ; there was, in fact, 
too little reserve of nitrate in a considerable number of the samples. 


The ratio of cxidised to unoxidised nitrogen (taking the unoxidised = 1) varied between 
0-0 and 2:7, the average for the sixteen effluents being 0°6 ; or, if we leave out of 
account the two highly nitrated ones, Nos. 66 and 252, the average for fourteen 
effluents is 03:1. The ‘safety limit” ratio appears to lie somewhere between 0°3 
and 0:5, or perhaps one ought to say at 0°5:1. 


The ratio of oxidised to albuminoid nitrogen (taking the albuminoid = 1) varied between 
0 and 34:1, the average being 6°7. Leaving out the two highly oxidised effluents, the 
average for the 14 remaining is 3:1:1. The “ safety limit” ratio is evidently some- 
where about 3:1 for these effluents, although three samples with a lower ratio kept 
sweet on incubation; while, on the other hand, one with a slightly higher ratio was 
doubtful after being incubated. 


There is not much agreement between the albuminoid nitrogen and “oxygen 
absorbed” curves; any ferrous iron present would of course make itself felt in the 
latter. Speaking generally, the “oxygen absorbed” and nitrate curves are inversely 
as one another. 


The following Table shows the effect of mcubation upon a few of the Altrincham 
effluents as regards the ammoniacal and the nitric nitrogen :— 





| 


| 


Number of Sample - : - - - 72 76 248 250 251B 255 
Ammoniacal Nitrogen : | / | 
(a) Before incubation Roe ee et Tae 1-59 1°53 1-55 
(b) After AS Si 2| iv Saye ly Ora 1-53 1-61 1-43 1-47 


29 


Nitric and Nitrous Nitrogen together : 
(a) Before incubation - - - 0°58 | 0°55 033, | 0-44 0:29 Gor 


(b) After - - - 0°29 0°37 0-03 0:12 0:0 0-02 


9 { 

















\ 








‘These few results are in some respects contradictory, but they show at leastthat, 
when nitrate was present in moderate quantity (say, 0°4 to 0°6 parts of nitric nitrogen 
per 100,000), it did not suffer much decrease upon incubation. 


Conclusion.—As regards the treatment of large volumes of weak domestic sewage, 
Cambridge and Altrincham are more or less parallel; but in the nature of the soil 
and subsoil and in the depth to the drains the two differ materially. The Altrincham 
effluents were fairly satisfactory on the whole, but the nitrification was not carried 
quite far enough in relation to the total nitrogenous matter present. The effluents 
from the uncropped arable land were the least nitrated. The results showed that at 
the time of our observations the land was getting rather too much to do, but they 
also showed that it was capable of turning out good effluents. It should not be 
forgotten, in connection with this criticism, that at Altrincham some (though not 
much) storin water is also treated, and that the whole of the sludge from tank or 
_ lagoon is dug into the soil. The relative number of particles in unit weight of the 
ignited soil is 157 (Nottingham soil=100), and in unit volume 100; but the presence 
of the very large proportion of peaty matter in the Altrincham soil makes this 
comparison of little value. The rate of filtration at Altrincham is probably fairly 
rapid. (Compare Section on Soils and Conclusions.) . 
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Percentage purification as calculated upon. the .albuminoid nitrogen,.and “ oaygen 


absorbed” 4 m four hours. : . 


It seems ieake worth while to aie this realdillatioh ticket as it must oscar 
be of little value, seeing that. only four chance samples of sewage and five of lagoon 
liguor were examined, So, the figures, must be: taken as being very approximate 


indeed. i + eS Eb. AP ae er Pes vier ah tas Wiad rie Pore oth Yr 
rs () Albyminord pine BOC ued ie Average. 
3» 9 chance samples of settled. senvag sa Jagoon. liquor, gave, Meee ga S 
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16 ‘samples of effluent gave (0°07 to 0: 35) : : - ie ae 
The parce: See ‘therefore, was 79 per eand hei ee 
Sassy ¥ jk Oo ae Ga | Cotte ae 5 las eee Ams C seshate Wee PANE RY A Ay nee Jie Ma Sheet 5 
J(2): ay gen. absorbed. Bt nn par abeicueadd : iT wakida aes ae 
ee ‘chance samples of i iieacl and lagoon liquor. gave Wee es 
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ab 
For the same reasons that Thave. just been given, “the figures regarding ‘this''a are 
of very doubtful value. 


The average total nitrogen in 9 chance samples of sewage and lagoon liquor was 


(2°06 to 5-01) - - - - - - : - - - “11 WeusabG 
The average total nitrogen in 16 effluents was (1°36 to 2°23, eee two effluents 
containing 4°97 and 4: 99) - - - - - - - - 2° 22 


Allowing noe for evaporation on the one hand, or for farm subsoil water c on the 
other, about 40 per cent. of the total nitrogen going on to.the land,in the: sewage. and 
ponded liquors disappeared, 2.¢. was partly taken up by plants and partly.lost, no 
doubt, as gaseous nitrogen. 


= a x . = : 


Storm Gg 
Waduc cin ba f | hy at 
Only. ones ema Nis cof storm. water WAS... received from. Altrincham, drawn .,on 
‘April 29th, 1900, after the. overflow. had. been working for. one and a-half. hours. 
This was a dilute sewage and (ants when received, aneven on a ee ey of 


eis popes was present in ite It: gave the: figures — wf erys sens Rabugiat 

RES oe: iy § . Shityye ce & a ods be oe iH eu alt 

sy petites at (48; albuminoid nitrogen ; a Ae RATS che a a eee 
bokas W ak oe 998 total Sa HIbFOBeN 5 Doma cee! ee 
ii Ms “j oe Pe oF — i yo Fi y “Au s 
de ce Pi and 6: a “oxygen, ‘absorbed ” ‘in 4 ours, Be died 
13 be bi* 2 "ides re j TRS at vee erent, bb Laas eee y eff CA Pecauas i ye Tes gre 
Ma i Gh cee Dy a meet Gane enrer : Hy eee rt x 
P A iad \ \ { aa itt’. ‘ da ‘ ae gd be se ty EAS “ye 
ik Gh lak Zs Lu oat W ater. : eas ANGE PONG 
2 ‘ wa hae SY Nebae: Pent j ges Nita tas Coy Ge. Glew) ieee be were 


“Only: one sample éf this -(Nio. 78) was, ‘exaiiined. Mr. | Kershaw gives, it in his 
Notes’ on ‘Sainples' as. drawn from a trench ‘on’ the farm Sunk 3ft. Gin. deep, about 
150, yards from the part sewaged, and about,100. yards from, a large fish. refuse heap. 
The watér ‘percolated 1 ito the trench ‘through a stratum of very | fine hie sand,” Tas 


a 








* In one case, at all events, this figure was raised by the presence of ferrous iron. 
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A reference to the analytical figures shows that this sample (after decantation 
from its mud) might be classed as a moderately good effluent but not as a water. The 
high “oxygen absorbed” figure was to some extent due to the ferrous iron present. 
It will be noticed that this water, coming as it did from peat, remained distinctly acid 
after being boiled. The chlorine in it was greater than that in the town’s water 
supply. The water was still brown when analysed, the turbidity being caused by iron 
together with some peaty matter. 


Water from the Sinderland Brook, with and without admixed effluent from the Altrincham 
farm. (Diagram No. 12.) 


As stated in the Engineering Report, this brook is polluted before it passes the 
farm. Mr. Kershaw says :—“ This brook is frequently polluted by tan refuse. <A 
large storm overflow culvert (from another district) also discharges into the stream a 
little distance above the Altrincham sewage farm. The ratio of effluent to brook 
water, normally, is approximately as 1 : 3.” 


Six samples were examined chemically, one of them in duplicate after incubation, 
making seven analyses altogether. Of these, Nos. 71, 2514 and 274A were drawn 
above the effluent outfall, and the others below it. 


Leaving out of account No. 2744, which was drawn above the effluent outfall when 
some tan liquor was passing down the stream, and which was thus very badly polluted 
(it smelt of sulphuretted hydrogen after incubation), the other samples all contained 
considerable quantities of flocculent suspended matter or sediment, though, after filtra- 
tion, they were either almost colourless or of a slight brown tint. They had a clean 
smell, were alkaline or slightly alkaline in reaction, and those tested were found to 
contain much lime and much sulphate in solution, and also a very considerable amount 
of ferric iron—mostly in suspension. 


A reference to the Tables of Analysis and the Curves shows that this brook 
was not in a satisfactory state. Although only the one sample went bad upon 
incubation, the total nitrogen present (in the four samples examined for this) was large, 
and the ‘“‘oxygen absorbed” figures high. In only one case (No. 2514) was the amount 
of dissolved oxygen at all great when the sample came to be analysed. It is curious 
that No. 2764 should have withstood incubation, both its dissolved oxygen and 
nitrate being exhausted thereby. Samples Nos. 71 (above outfall), 73 (below), and 
74 (still further below) are comparable ; though the last two are not quite so good as 
the first, there is not much difference between them. It would be rather hard to say 
definitely what effect the Altrincham farm effluent itself would have upon this 
brook. 


It should be noted here that the method of determining organic nitrogen by 
Kjeldahl wzthout reduction answered better than the method with reduction for these 
brook waters. 
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ALTRINCHAM SEWAGE. FARM. 





TABLES OF ANALYSIS. 





TEND rae X.. 
PAGE, 

Sewage, Lagoon Liquors, Effiuent and Storm Water, Nos. 64, 65, 66, 68, 69 - - - , vain Oe 
Sewage and Effluents, Nos. 70, 72, 75, 76, 77 - : - 5 : - - - - we Ot 
Sewage and Effluents, Nos. 248, 249, 250 - - - : : - - - - : - 58 
Hamre yee 1251s 25802039254- nai le ene ee ee 
Sewage, Lagoon Liquor and Effluent, Nos. 255, 264, 265 - - - - - . - - 60 
Lagoon Liquors and Effluents, Nos 266, 267, 274, 275, 276 - - - - - - - -, 61 
Brook water above and below Effluent outfall :— 

oe EAS SS Sa ee, a 

SUMMA tee i Ra EA laa aang unvh ledanGd 


Subsoil water, No. 78 - - - : - - - : - : - - - 7 463 


ALTRINCHAM SEWAGE FARM, 


56 


Sewage, Lagoon Liquors and Effluents. 





No. OF SAMPLE - : - 


NATURE OF SAMPLE 





Drawn - 


Temperature of sample 
Temperature of air 
If jointed or incubated - 


Analysed - - - - 


64 


- | SETTLED SEWAGE 


| FROM CATCHPIT. 


Thursday, 26th 
Apr 1 1900, 10.15 
a.l. 


9-4° C, (49° F.) 


27th April 1900. 
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———7 t « 
*PONDED LIQUOR 
FROM LAGOON 
(sludge settled). 


Thursday, 26th 
April 1900, 11.30 


a.m. 
Si32 Caay E.) 


27th April 1900. 


i 


1900. 





66 
iS ape 
FINaL 
EFFLUENT 
after passing 
over one acre of 
land sown with 
wangolds and 
ridged. 


Thursday, 26th 
April 1900, 
12.15 noon. 

83° C. (47° F.) 


so 


27th April 1900 


ese Bl 
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SOront WATER 
after overflow 
had worked for 
14 hours. 





Sunday, 29th 
April 1900, 
2.0 p.m. 
10°6° C. (51° F.) 


“Ist May 1900 





Parts per 100,000 by weight. 

Ammoniacal nitrogen— 

(a) by direct Nesslerization — - 

(b) by distillation 
Albuminoid nitrogen 
Nitrous 
Nitric - - - - 
Total nitrogen by Kjeldahl, with re- 

duction (after correction for nitrite) 
Blank - - - - = E 


Correction for nitrite - 


33 


” 


“X” nitrogen - : = 2 

Organic nitrogen by oe Ce re- 
duction - 

Organi: nitrogen by Kjeldahl, without 
reduction :— 


(a) Taking ammonia by eels 
Nesslerization 


(b) Taking ammonia by distillation 


Oxygen absorbed from pele pee 
at 26°7° C. (80° F.); at once 


e after 4 hours 


Oxygen absorbed from permanganate 
by sample incubated for 5 Gove 
at 26°7° C. (80° F.) ; at once 


es after 4 hours 
Smell after incubation - 


39 


SB) 


CHIQnine A) 5) 0" /s ues eeu te meet 


Gases ; Parts per 1,000 by volwme. 
Carbon dioxide (free) - - : E 
Oxygen (boiled out) - - < é 
Nitrogen - - - - a3 ie 


Remarks 2 é = e 2 ‘ 


*NotEe.—A ponded liquor and 
a Lagoon liquor mean the 
same thing. 


Turbid. 
0:97 
0°41 
0°18 

Not done. 





2°06 

(0°32 in 3°16) 
0°10 
0°50 


0'91 








A weak sample 
with a very 
trifling grey de- 
posit. Sewage 
smell. 















Turbhid. 
2°89 
iets 

None. 
None. 


4:07 
(0°32 in 6:23) 
None. 
0°03 


Gi by 


1:09 


1°40 
0°84 


5°32 

7°63 
Putrid to begin 

with. 

10°72 


40°18 
0°17 (2) 
18°76 


This sample was 
grey and very 


turbid, with a 
strong se wage 
smell. Some- 
what slowly 
alkaline. There 


had been 8° F. of | 
frost at Altrin- 
cham the night 
before. Much 
lime in solution, 
and much sul- 
phate. 





Turbid. 
125 
0°10 
O'l1 
3°30 


4:99 
(0°19. in 7:34) 
0-06 

0°23 — 


0°33 


None (— 0°21) 


0°49 
1-61 


0-12 
1°35 
Slight earthy. 


8-06 
91°37 
0°96 


18°31 
It is no conn 
the iron pre- 


2°12 





2°10 

0:48 
None. 
None. 


3:03, 


None. 
be of 0°45. : 


0°93 





sent which has almost ex- 
hausted the dissolved oxygen. 


A transferred 
boiled out. 


Excessively 
brown, with a 
moderate 
amount red- 
brown floccu- 
lent matter. 
The filtered 
liquid was 
slightly brown. 
Fishy and iron 
smell. Slight- 
ly acid. Alka- 
fing after boil- 


in 
A 





r ae 
ean ene 





sample was 


Thissamplewas | Very turbid 

from suspend- | 
ed matter, ap- 
parently vege- | 
table. Sewage | 
smell. 


sent by parcel 
postin a corked 
wine bottle, in 
the neck of 
which there 
was asmallair 
bubble. Small 
quantity of 
black deposit. 

Putrid smell. 


ae deal of lime and also 


sulphate in solution, and 


much 


ferric iron both in 


solution and in suspension. 
The colour was due to iron 


and not to peat 





matter. 
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PONDED 
Liquor. 





Monday, 30th 
April 1900, 
11.50 a.m. 


13°3° 


C. (56° F.) 


HTX Louie vife 


Ist 


May 1900. 


Turbid. 


HUG ot 


0:85 


? None. a, 
Not done. 


line. 


4,08, 


+ , i 
(0-19 in 4:59) | (0°32 in 6-25) 


None. 


PAB 


3°00 




























Alka. | 



































70 
CORRESPONDING 
FINAL EFFLUENT 
after going over 
ridged arable land 
| sown 
with mangolds. 





ALTRINCHAM 


72 


GENERAL 
EFFLUENT from 
Iain outfalls. 





ptonday, 30th April} Monday, 7th May 


1900, 1.15 p.u. 
8-9° C. (48° F.) 


2nd May 1900. 





Turbid. 
0:93 
0:18 

None. 
0°66 


2°03 
(0°19 in 3°14) 

None. 

0°26 


0°42 


0-16 


0-11 
1:23 


0°36 
1:26 
Sweet (?). 


9°12 


64°29 
0°88 
17°47 
The iron has -no 
doubt helped to 
exhaust the oxy- 
gen. 


Yellowish, though 
far less coloured 
than No. 66. 


The filtered liquid 


had but a tinge 
of colour. A 
little red-brown 


flocculent matter. 


Reaction about 
neutrai, but al- 
kaline after boil- 
ing. Very con- 


si erable amount 
of lime in solu- 
tion; much sul- 
hate; very little 
erric iron. 
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1900, 11.50 a.m. 
111 C52 EF.) 


8th May 1900. 
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Sewage and Efiluents. 
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DUPLICATE 
SAMPLE. 


Jointed on 8th 
May. 
18th May 1900. 








Turcbid. 
1°24 
0:25 
Slight trace. 
0°58 


2°16 

(0-19 in 3°33) 
None. 
0:09 


0°34 


0:04 


0°70 
2°35 


L: ai goere: 


Sweet. 
8°28 
58°49 
0°67 


16°60 
Iron here again. 


Very considerable 


amount of brown-) 


red _ flocculent 
matter and the 
paper filtrate 
was distinctly 
brown (more so 
than before). 
Reaction slightly 
acid, but alka- 
line on boiling. 


Fishy - earthy 
smell. Much 
lime and sul- 


phate in solu- 
tion, also a good 
deal of ferric 
iron in semi- 
solution or solu- 
tion. 











Filtered 
through 


paper. 
Turbid. 
1°35 1°34 
0:25 0°14 
None. 
0:29 


1°87 
(0°19 in 2°91) 
None. 
None (— 0°02). 


0°25 


0°13 


0°52 
2°03 


dae ‘ 
(iG alos 


Sweet. 


Gases 
Lost. 


The red floceu- 
lent matter 
had now ag- 
gregated. The 
ee filtered 

iquid had still 


a very distinct | 


brown _ tinge, 
and still con- 
tained an ap- 

preciable 
amount of iron. 
Smell quite 
clean, but 
chalybeate. 
Reaction 
slightly acid 


in the cold 
(alkaline on 
boiling). 














! 


75 


SETTLED NIGHT 
SEWAGE from 
tank. 





Tuesday, 15th 
May 1900, 
11.30 am. 

10°0° C. (50° F.). 


16th May 1900. 


4:28 (approx. ; a 


little turbid). 
3°69 


0:98 
None. 
Not done. 


5:01 
(0°19 in 3°83) 
None. 
0°34 


This sample con- 
tained only a 
slight grey and 
brown deposit. 
Sewage smell. 


Alkaline. It 
is a weak! 
sample. 


76 


FINAL 
EFFLUENT from 
osier beds on 
peat land. 
From night 
sewage. 


Tuesday, 15th May 


1900, 1 p.m. 
8°9° C. (48° F.) 


16th May 1900. 


Turbid. 
071 
0:21 
None. 
0°55 
1°36 
(0°19 in 2°17) 
None. 
-— 0'11 (2) 


0-21 (2) 


0:15 
0-41 
1°59 


0°41 
1:29 


Slight earthy smell. 


8-96 


65°17 
0°60 
17°69 


Much brown sus- 
pended matter. 
The __paper-fil- 
tered liquid had 
a slight but dis- 


tinet brown, 


tinge, and was 
almost clear. 
Somewhat  pe- 
culiar smell] 
(iron?). De- 





cidedly acid in 


the cold, but alkaline on boil- 


ing. Much 
in ‘solution ; 
amount of 


lime and sulphate 
also a considerable 
ferric hydroxide 


(mostly in suspension). 
The sewage takes a very long 
time to pass off from these 


osier beds. 





SEWAGE FARM, 1900. 


76 


DUPLICATE 
SAMPLE. 


Jointed on 16th 
May. 
18th June 1900. 


Turbid. 
0°71 
0°16 


Very slight trace. 


0°37 


115 
(0°19 in 1°86) 
None. 


None (—:09) 


0°16 (?) 


Hs da 4 
a {843 ah 


Sweet; Hart’ y. 


66°24 
0°04 
17:10 
There was a 
moderate-sized 
bubble of gas 
at the top of 
the bottle. 


This 
had 


sample 
now a 
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FINAL EFFLUENT 
from same 
source as No. 76. 


Wednesday, 16th 
May 1900, 11.50 
a.m. 


9°4° C. (49° F.). 


17th May 1900. 


Turbid. 


0°76 

0-11 
None. 

0:20 


1-20 
(0°19 in 1 
None. 
0°15 


96) 


0°26 


0°19 


0-41 
1°76 


0°40 
1°64 
Sweet. 


9°00 
72°56 


0:26 
17-75 


Thissample (which 
came in a bottle 


clean smell—/} with badly fitting 
a kind of sea-| stopper) closely 
weed smell. | resembled No. 76, 
Reactionabout| 2¢., it contained 
neutral; it] a considerable 
became dis-} amount of red 
tinctly alka-| flocculent matter. 
line on boiling.| Small bubble of 
air at top. of 

bottle. The filtered liquid 
was distinctly brown. Re- 


action tending to acid (alka- 


line on boiling). 
Considerable lime. 
Much sulphate. 


or iron (?). 


Smell fishy 


Much ferric 


iron, mostly in suspension. 





| 
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ALTRINCHAM SEWAGE’ FARM, °'1901. 


No. oF SAMPLE - - - - 


NATURE OF SAMPLE - : : 


Sewage with Effluents. 






248 248 


FINAL EFFLUENT |, MEDIUM SIZED 
(iron and sewage DUPLICATE. 
smell when drawn). 


249 250 


SETTLED SEWAGE| FINAL EFFLUENT |. 
(very dilute). _ | corresponding to 
' | sewage No. 249. . 
(Sewage and iron 
smell). 


i 


Drawn - | - = = : 


' 
' 
‘4 


Temperature of sample 
Temperature of air - - s a 


If jointed or incubate | - - 


Analysed - - - - - 





Parts per 100,000 by weight. 
Ammoniaeal nitrogen— 





Wednesday, 17th 
April 1901, 10.45 


a.m. 
7-2° C. (45° F.) 
8°3° C. (47° F.) 


Wednesday, 17th |. 
April 1901, 12} - 


noon, 
6°7° C..(44° F.) 
9°4° C, (49° F.) 


Tuesday, 16th April 
1901, 11.10 a.m. 


56° C, (42° F.) 
61° C. (43° F.) 





Incubated 17th April. 
Not jointed. 


18th April 1901. 


17th April 1901. 22nd April 1901. 18th April 1901. 











(a) by direct Nesslerization - - Turbid. —. — Turbid. 

(b) by distillation - - - 1°58 1°53 0°69 1°52 
Albuminoid nitrozen - - - - 0-11 0°14 0°20 0°10 
Nitrous < See fit pec fy 4 0:03 None 0-09 0:07 
Nitric rf fOeu, | ° Were 0°30 0:03 Not done. ,,0°37 

; Ni ; (Should have been) 

Total nitrogen by Kjeldahl, with re- 2°13. This esti- 

duction (no correction for nitrite) 1:99 1°75 2°22. + mation begun 

25th April. 
Blank. 0 ee ee (0°16 in 3-05) (0°16 in 2-07) (0°19 in 3°81) (0:16 in 3-25) 
“X” nitrogen - - - - - None 0:05 1:24 (?) 0:07 
(- 03 

Organic nitrogen by Kjeldahl, with : 

reduction - - - - - - 011 0-19 1:44 (2) 0°17 
O-ganic nitrogen by Kjeldahl, without 

reduction : 

Taking ammonia by distillation - 0°17 pe aA 0°18 
Oxygen absorbed from permanganate 

at 26°7° C. (80° F.); at once - - 0°54 0°40 1:02 0°46 
rear ea ne) after four hours 2:00 nee 2°65 | 1°91 
Oxygen absorved from permanganate | 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 0°40 rosetente — 0°40 
- - es after four hours 1°79 rae SE —= 1°83"4 
Strong, earthy. 
Smell after incubation - +--+ | Suspicious (Sewage — — Nitrite. nitro- 
and iron?). No gen fully 0:07. 
: nitrite. 
Chlorine : - - - - - 7 ——— 7°22 7°66 
Parts per 100,000 by volume. 
Solids by centrifuge - : E 2 a Hahei 79-0 2ote 
Gases; parts per 1,000 by volume. 
Oxygen (by cuprous chloride) : 

(a) When sample was drawn Led aune —— 10. 

(b) 53 » - » analysed ;- None a Siray _ None. 
Remarks - .- o-: « +|This sample had a | After incubationthis | This was a slightly | This was of a deep 

deep yellow colour, | sample had a deep brown __ turbi yellow colour, . 
withfocculentred- | yellow colour, with liquid, with a with  reddish- 
dish - brown sedi-| considerable brown| considerable} brownsuspended 
ment. Suspicious! sediment. Smell| amount of dark| matter. strong 
smell. Very| either of sewage or grey-brownsedi-| iron smell. 
slightly acid from | of sewage and| ment, Soa Faintly alka- 
carbonic acid;| iron. Much ferric, | smell. Alkaline.| line. 
ff alkaline onboiling. | but noferrousiron.|I/ should _ think 








This sample is apparently on the 
border line. The presence of 
so much ircn has apparently 
affected the smell. 


that this sample -———__ 
probably contained some nitrate, so 

that the figures for the “X” nitrogen 

and the organic nitrogen are most 

likely wrong, 7,e., much too high. 
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ALTRINCHAM SEWAGE FARM, 1901. 
Effluents. © dla 
250 251 251B 251B 252 253 254 
| SMALL FINAL EFFLUENT | FINAL EFFLUENT SMALE FINAL EFFUUENT | FINAL EFFLUENT | FINAL EFFLUENT 
DUPLICATE. from osier beds (Iron smell), DUPLICATE. [from mangold plot.| from osier beds from osier bids 


; 


inted:' and incu: |: 


ated 18th April: 
9th April 1901. 





1°61 
0°09 


0°03 
0:09 


0°45 


Doubtful. 


ae 


[oderate amount 


of light-brown’ 


sediment. The 
filtered liquid 
was yellow. “ 


his sample is 
apparently just 
within the bor- 
der line. 





6225. 


treating crude 
sewage. 


from same source 
as No. 250. 





Wed:, 17th April 





1901, 12.30 noon. 
6-7° C. (44° F.) 
10° C. (50° F.) 


19th April 1901. 


0°08 
None. 


0°82 
1°59 


(0°19 in 2°79) 
0°04 


@-12 


0°22 
1:24 (5 kour: ) 


0:23 
1:00 


None. No nitrite. 


7:00 


Very small amount 


3°0 
0°5 


‘Brown clea liquid | 
with not very 
‘much ‘sediment, 
which was ag- 
‘gregated in red- 
brown ‘particles. 
No smell. Alka- 
line. 


Friday, 19th April 
1901, 11.15 a.m. 


7°8°.C. (46° F.) 
13°3°.C. (56° F.) 


20th April 19/1. 





0°16 


0:05 
0°24 


2°23 


(0°31 in 3°96) 


0°48 
1°89 


0°39 
1°68 


Strong earthy. 


8°40 


None. 
None. 


Very brewn clear 

liquid with a 
small amount 
of sediment. 
Rather unpleas- 
ant, putrid (?) 
smell. Alka- 
line. 


Jointed ard: ‘n- 
‘cubated 
April. 


29th April 1901. 


1:43 
0°12 


Trace. 


None. 


0°47 


ae 


No smell, 


After incubation, 
this liquid had 
no sme 1. 


This is 
interesting case. 


Evidently a bor- 
der line effluent. 


H 2 


620th 


a very 


Plants still 
growing. 


Mon., .22ndAj ril 
1901, 11.10a.m. 


8°9° C. (48° F.) 
23°3° C. (74° F.) 


23rd April 1901. 





0°86 
0°12 


0:09 
3°57 


4°97 


(0°31 in 8°45) 
0:33 


0°45 


0°34 
0°92 


0°31 
1-06 


No smell. 
0:13 Nitrite 
nitrogen. 
7°66 


29°0 
(14 minutes) 


1‘0 approx. 


Fairly clear 
brown liquid, 
with a moderate 
amount of light 
brown sediment 
(aggregated). 
Nosmell. Alka- 
line. 











The large amounc | 


of nitrate, com- 


(greenish yellow). 


treating crude 
sewage. 





Mon., 22nd April 
1901, 11.20 a.m. 


§:9° C. (48° F.) 
23:3° C. (74° F.) 


24th April 1901. 


(A) 
0:98 
Alk, Perm. 
20¢.c. 25 ¢.¢. 
0'114 0°12 
Trace. 


0°28 


(B) 
1:09 


1°53 
(0°31 in 2°81) 
0°16 0:04 


0:27 0°15 


0°47 
1:28 


0°19 
163 


No smell. 





Mop., 221d April 
1901, 11.45 a.m. 


78° C. (46° F: 
23-9° C. (75° F.) 


24th April 1901. 


Turbid. 
O247 
0 07 
None. 
0:47 
1:39 
(0°16 in 2°18) 


0-08 


015 


very turbid ; 
Oey enoe 


0-19 


1:12 


0:15 
Lost. 


Sweet. 


About 0°01 Nitrite|Probably no nitrite. 


nitrogen. 
8°36 


None. 


Very brown and 
slightly turbid 


liquid; _— clear 
and rather less 
coloured after 


filtering. Metal- 
lic smell. Alka- 
line. 


ing away from ground on which 
mangolds had been planted, is 


worthy of note. 





7°20 


1°3 


Yellow even when 
filtered, with con- 
siderable floccu- 
lent reddish- 
brown sediment 
Slight iron smell. 
Faintly alkaline. 





ALT 


No. OF SAMPLE - - : - 


NATURE OF SAMPLE - - : - 


RINCHAM 
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SEWAGE FARM, 


Sewage, Lagoon Liquor and Effluents. 


255 


PERCOLATION 
effluent from 
lagoon. 


255 


SMALL DUPLICATE 





1901. 





264 


SETTLED 
SEWAGE 
prior to going 
into lagoon. 


265 


LIQUOR FROM 
first lagoon. 





Drawn - - - - - - 


Temperature of sample - 2 : 
Temperature of air - 


If jointed or incubated - - = 


Analysed 


Parts per 100,000 by weight. 


Ammoniacal nitrogen : 
(a) By direct Nesslerization - : 


(b) By distillation 
Albuminoid nitrogen - - Mae: 


Nitrous = - - : 


Nitric - - - - - 


Total nitrogen by Ricans Pas re- 
duction - & 


Blank - - = : 2 : y 


. . - “ - 


“«X” nitrogen 


Organic roe by BBN 


with 
reduction 4 


Organic nitrogen by Kjeldahl, without 
reduction : 


Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26'7° C. (80° F.); at once - - 


” * 9 after four hours 

Oxygen absorbed from permanganate 

by sample incubated for five aie 
at 26°7° C. (80° F.}; at once - 

_ i BS after four hours 


Smell after incubation 2 : : 


Chlorine . : 5 . : és 


Parts per 100,000 by volume. 
Solids by centrifuge - - . i 


Gases ; Parts per 1,000 by volume. 
Oxygen (by cuprous chloride) : 
(a) When sample was drawn - : 


(b) ” 9 


Remarks : 3 2 . 3 3 


analysed - 


Monday, 22nd 
April 1901, 
12.0 noon. 

10° C. (50°F.) 

23'9° C. (75° F.) 


23rd April 1901. 


Turbid. 
1°55 
0-15 





0°03 
0:18 
2°06 
(0°16 in 3°15) 
0°15 


0°30 


o12{y. Garbid J 


0°36 
| 1:98 


0°42 6 
days 
1°89 


Suspicious. No 
nitrite. 
8 50 


None 


This bottle was 
sent with a cork 
init. The liquid 
had a deep yel- 
low or fom 
tinge; yellow 
after filtering. 
Slightly turbid, 
with reddish- 
brown suspended 
matter. Strong 
ironsmell. Acid 
from carbonic 
acid. 








Jointed and incu- 
bated 23rd April 
30th April 1901. 





1°47 
0-11 


None 


0-02 


0°43 


Very strong and 
suspicious. 


Brown coloured, 
with a small 
quantity of light 
brown sediment. 


Tuesday, 30th | 30th April 1901, 


April 1901, 
12.0 noon. 


17°7° C. (64° F.) | 17:2° C. (63° F.) 
19°4° C. (67° F.) 


19°4° C. (67° F.) 


Ist May 1901. 


3°30 (2) 
0-73 


None. 
Not done. 


4-01 (?) 
(0°22 in 6:04) 


None (?) 


0°78 (?) 


0°84 


1°12 
4°74 


8-30 


99:0 (1 minute) 
May 11th. 


Turbid, with a 
small amount 
of black and 


brown _ sedi- 
ment. Alka- 
line. 


12.30 noon. 


Ist May 1901. 


2°17 
0:37 


None or trace. 
Not done. 


2°87 


(0°33 in 5:02) 


=- 


0°33 


0°70 


1°34 
4°27 


10°18 


57°0 
(1 minute). 


fale slight] 

brown igaun 
with a sewage 
smell. Alka- 
line. This is 
a dilute sew- 
age. 

This contained 
a green weed 
which rapidl 
attached itse 
to the side of 
the bottle 
next to the 
light. 


265 
SMALL 
DUPLICATE, 


Jointed and inecu- 


bated 1st May. 
Opened 
5th May. 





As was to be 
expected, this 
was black and 
very putrid 
when opened. 


(ee RSE RE AS OE SI SS SE OE REECE RRS I SS EE EE LY RT SE LE 


266 


\ME LIQUOR AS 
No. 265. | 
{ 





esday, 30th April 


1901, 1 p.m. 
6°7° C. (62° F.) 
00° C. (68° F.) 


st May 1901. 





3°95 approx. 
poilt by colour). 
2°66 
0°50 


None. 
Not done. 


3°47 





(0°22 in 5:25) 
0°31 


0°81 


o turbid to read. 





1°30 
5°80 


10°14 


98-0 
(1 minute. ) 


reenish yellow 
iguid with a 
ittle suspended 
natter. Same 
rreen weed as in 
165. Sewage 
mel]. Alkaline. 
Lhis isa slightly 
itronger lagoon 
iquo: than No. 
65. 
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ALTRINCHAM SEWAGE FARM, 1901. 
Lagoon Liquors and Effluents. 





266 267 274 275 276 276 
SMALL FINAL FINAL SURFACE FINAL FILTRATION SMALL 
DUPLICATE. TU eFLUENT EFFLUENT after| Liquor from EFFLUENT DUPLICATE. 
f,.in lagoons | passing through| last lagoon. corresponding to 

(t.e., after perco- Lagoon No. 275. 
Jation.) (percolation. ) 
-— Wecnesday, Tuesday, Wednesday, Wednesday, 
Ist May 1901, | 7th May 1901, | 8th May 1901, 8th May 1901, 
10.45 a.m. 2.30 p.m. 11.30 a.m. 12,30 noon. 
ee 10°0° C. (50° F.) | 11°1° C. (52° F.) | 10°0° C. (50° F.) | 10°0° C. (50° F.) 
es 15°6° C. (60° F.) | 11°7° C. (53° F.) | 13°9° C. (57° F.) | 12°8° C. (55° F.) 


Jointed and incu- 
bated Ist May. 
Opened 5th May. 








2nd May 1901. 


9th May 1901. 











-— Turbid. a Seal 
ae 1°69 1.87 
— 0°15 0:13 
— None. None. 
— None. 0:06 
(a) (b) 
_-— 2°06 197 1°94 
May 16. May 29. 
—— (0°22 in 3°21) | (0°22 in 3:08 
and in 3°03) 
—— Q:22 None. None, 
— 0°37 013 013 
on J V- approx. 
0 26{ ¥- turbid. 
_—- 0°61 0°64 
— 2°22 2°65 
—_— 0°85 1-03 
—— 2°53 2°83 
—— Putrid. Putrid. 
—— 10°02 9-98 
—— 91-0 99-0 
(probably 1 min.)} (1 minute.) 
16th May. 
ee pan 10 
— None. None. 
Blackened, and|Deep brown] Deep _ yellow- 
smelling even| colour from| brown, even 
more strongly} hydratedoxide| when filtered. 
putrid than N o.| of iron (the| Small amount 
265. filtered liquid | of reddish- 
was yellow).| brown _ sedi- 





Very small (?) amount of light 


brown sediment. 


boiled, and 


Acid until 


then alkaline. 


Strong smell, but not putrid. 
A considerable amount of lime 
in solution, and a moderate 


amount of sulphate. 


Much 


iron, both ferrous and ferric. 


ment. Strong, 
bat not putriu 
smell. Alka- 
line. A trace 
of ferrous and 
a good deal of 
ferric iron. 





9th May 1901. 


3°19 
0°42 


These 
should 
have been 
tested for. 


Not 
done 


4°27 
(0°33 in 7°31) 
0°66 


1:08 


1°87 
6°39 


Brown. 
turbid liquid, 
but not much 
sediment. 
Sewage smell. 
This is a weak 
sewage. 





9th May 1901. 


1°71 
0°10 


None. 


0°19 


(a) (b) 
1-92 1:86 
May 9. May 18. 


(0°33 in 3°47 


and in 3°36) 


None (?) 
(—0°11) 


0°10 (2) 


0°89 
2°19 


0°79 
2°50 


Rather putrid ; no 


nitrite. 
10°54 


Not enough 
sediment. 


0°5 


None. 


liquid with prac- 
tically no sedi- 
ment. Fishy 
smell. 








Jointed and incu- 


bated 9th May. 


Opened 30th May 
] 


901. 


very | Very brown clear | When opened this 


was blackened, 

with consider- 

able. black de- 
osit, 

ot analysed. 
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ALTRINCHAM SEWAGE FARM, 1900-1.’ 


Brook Water alone and admixed with Effluent. 


aa, ee SS eee 


No. OF SAMPLE - : A é k 


NATURE OF SAMPLE - 





Drawn - = = “ - 4 L 
Temperature of sample - E 
Temperature of air = - - = 
If jointed or incubated - . ‘ 


Analysed , - 5 G . 





71 
SINDERLAND BROOK 
WATER. 


‘last main effluent outfall. 


73 


Brook WATER, | 


containing effluent. 


Drawn 175 yards below 





Tuesday, 7th May 1900, | 7th May 1900, 12.5 noon. 


11.45, a.m. 
11:1°,C. (52°. F.) 


llth May 1990. 





Parts per 100,000 by weight. 
Ammoniacal nitrogen— 
(a) by direct Nesslerization - : 
(b) by distillation - - - 
Albuminoid nitrogen - - - - 
Nitrous is - - Z 
Nitric ” - A : 


Total nitrogen by Kjeldahl, with re- 
duction (itter correction for nitrite) 


Blank - - - oe : . 
Correction for nitrite - : : 
“X” nitrogen - : f 


Organic nitrogen by Kjeldahl, with 
reduction - - - - . - 


Organic nitrogen by Kjeldahl, without 
reduction :— 
Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° B.); atonce - - 
after 4 hours - 


3 ” 


Oxygen absorbed from permanganate 
by semble incubated for 5 days 
at 26°7° C. (80° F.); at once 


after 4 hours 


” ” 


‘Smell after incubation - : - 
‘Chlorine : u ‘ { 


Gases; Parts per 1,000 by volume. 
‘Carbon dioxide (free) - - 5 L 


Oxygen (boiled out) - - : s 
» (by cuprous chloride) - 


{a) when drawn 


db) ,, analysed-"7 "= + 


‘Nitrogen 


Remarks - - - 





Turbid. 
0°21 
0°12 
0°02 
0:27 


0°52 
(0-19 in 0°25) 
+0°01 
None ( — ‘09 ?) 


0°12 


0°15 


0:20 
1:05 


0°18 

1:03 
Earthy. 

4:06 


13:99 
3°03 


14°74 


Much dark brown floc- 
culent . matter present, 
the filtered liquid having 
only a faint brown tint. 
Clean. 
Slightly alkaline. » 

Very considerable amount 
of lime and much sul- 

hate. A fair amount of 
erric oxide in suspension, 
and a trace in solution. 





earthy... -smell..| 





11:1°.C. (52° F.). 


9th May 1900. 


Turbid. 
0°35 
0:14 

Trace. 


0:27 


0°70 
(0:19 in 1:20) 
None. 


one (— 06) 


0°14? 


0°20 


0°15 
1°17 


0:29 
1:20 
Sweet. 


4°64 - 


18°63 
3°50 


15°22 


Slightly turbid and 


/brownish, withsa good, 


deal of grey-brown 
flocculent.. matter in 


. largeaggregates. The 


filtered liquid: had a 
very slight brown tint. 
Clean» smell. . 
slightly alkaline. . 
A great deal of lime and 
sulphate in solution. 
More ferric iron in 
suspension than in 
solution. 


Very 
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Brook WATER, | 


~ containing effluent. © ~ 


Drawn 250 yards below 
main effluent outfall. 


7th May 1900, 12.15 noon. | 


111° C, (52° F,) 


10th May 1900. . 


Turbid. 
0°35 
gm 2050 
0°01 
0°32 


0°75 
(0°19 in 1°27) 

+0°01 
None (- ‘04) 


0-11 


0:17 


0-29 
117 


0°30 
1:06 
Sweet. 


4°86 


19°21 
2°75 


15°05 
Slightly brown, with con- 


., Siderable,, ,, grey,- brown 
_flocculent matter in large | 
aggregates; hada slight 


‘brown tint when filtered. 
Clean iron earthy smell. 
Reaction inclining to al- 
kaline. Very considerable 
amount of lime and much 
sulphate. A fair amount 

of ferric iron (mostly in 
suspension). 
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ALTRINCHAM SEWAGE FARM, 1900-1. 
Brook Water alone and admixed with Effluent. 



























































251a 25la 274a 276a 78 
Brook WATER SMALL DUPLICATE. BROOK WATER Brook WATER SUBSOIL WATER., 
above effluent out- above effluent out-| below effluent out- 
fall. Stream in fall. Tan liquor | fall. Smallsample. || 
flood and dirty coming down ; brook Dirty colour. | 
brown. black as ink. || 
Thursday, 18th April —— Tuesday, 7th May | Wednesday, 8th || Wednesday, 16th May 1900, 12.20 
1901, 12°45 noon. — 1901, 3 p.m. May 1901, 12 noon. noon. 
8°3° C. (47° F.) a 11°1° C. (52° F.) 10° C. (50° F.) 9°4° C, (49° F.) 
12:2° C, (54° F.) a Tels C5225) 13:37 (CS (562 Bs) ae 
—— Jointed and incu-| Jointed and incu-| Jointed and _ ineu- oases 
bated, 19th April. bated, 9th May. bated, 9th May. 
19th April 1901. 25th April 1901. | Opened 23rd May. 3lst May 1901. 24th May 1900. 
Turbid. —— —- Turbid. 
0:038 —— 0°51 0:18 
0-042 — 0-05 | 0-10 
None. ' None. None. None. 
0°37 0°43 None. 0°57 
0°58 a Mes 0:96 
(0°16 in 1:00) —— saan (0°19 in 1°58) 
None. a Lay None. 
0°13 — ss 0-11 
0°17 — saciaete 0:21 
0°07 — aoe Too turbid to Nesslerize. 
0°16 0-13 0-22 0°51 
0:80 ——- soto 2°46 
0°17 -— ae 0°38 
0-77 — Saeko 2°38 
Sweet; Nitrite 
Nitrogen =0:04 —— Clean earthy. Sweet. 
imately. 
ithe a y oF Oe eee 
oe = mae | 17°67 
eae ese a 0:06. 
5°5 About 1°85 None. = 
. (estimation made 
after shaking up 
sediment). 
mens —s ——— 16°92 
This sample was — The liquor and sedi- | After incubation || This sample was so muddy that 
brown and opales- ment were now| this showed a|| it had to stand in the Win- 
cent, with a small black (so far as| moderate amount |} chester. First 3” heavy sedi- 
amount of dark could be judged; of dark brown || ment (mud with some grit) was 
_ brown sediment ; without filtering). | sediment. Clean|| deposited, and then 4” grey- 
' almost colourless Smell of sulphur-| earthy smell. brown flocculent matter (hy- 
when filtered. No etted hydrogen. | Alkaline. droxide of iron and _ peaty 
smell. Alkaline. Slightly ‘alkaline matter). The liquid was still 
in the cold; very | *Bad colour to read. || brown when analysed, the tur- 
alkalineon boiling. bidity being caused by iron 
Not analysed. with some peaty matter. The 








reaction was distinctly acid,and 
more so after boiling, which gave rise to a flocculent precipitate. The 
boiled filtered liquid was clear, and very faintly brown. Odour very 
faint (iron?). Considerable amount of lime and much sulphate in 
solution; much ferric iron in suspension, and a little in solution. 
Little, if any, ferrous iron in suspension, but a moderate amount in 
solution. : 

This sample boiled out very quickly and, to all intents and purposes, 


| completely. 
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Diagram NV? 70. 


ALTRINCHAM SEWAGE FARM. 
SEWAGES & LAGOON LIQUORS. 
CURVES. 


REFERENCE 
Parts per 100,000, by Werg At, 
Albuminotd Nitrogem._------ Shewn thus 


APRIL& MAY, APRIL& MAY, APRIL, APRIL & MAY 
i900. 1901 1900. tg901. 


OS a ee) (ee . ; ‘ : 
SEWAGES — LIQUORS rromLAGOONS x, pages snes | 
64 75 249 264 65 69 265 266 275 


au Organic Nitroger by Hyeldahlt, 
AV LCH OU EOILALOTU oe eed 


Ammoniacal Nitrogew. ------------------ 








Total Nitroger by Hjeldahtl, 
with Reduction, —.------------------- 





Qoygen absorbed’ from -Permanganate- 


at 26°7 C(G0F,) ww four hours.—------- soonceeace 











Parts per 100.000. by Volume. 
Solids tw Suspenston (by Centrifuge) 
(Scale divided by 10) od 


























Note 
‘Parts per 100.000. 











Figures ivthe Horizontal line represent 
thenumbers of the Samples analysed, 


Note, S=Settled Sewage. A dotted line is used when there ts w 
break tr the curve - 


NO 64 75 249 264 65 69 265 266 275 
: Ss = Ss Ss 








3332.8. 02. ; Weller&Graham Lt¢ Litho London. 













Dragram LV? //. 


ALTRINCHAM SEWAGE FARM. 













BEELUENTS. —— "CURVES: 
_ APRIL ann MAY 1900. APRIL “ano MAY I901. 


_ eee se Nacey pitt ae 
ERAL EFFETS poe oe ANEOLUS EFFLUENTS trom OSIER BEDS. EFFLUENTS FROM UNCROPPED ARABLE LAND. 

72 72 66 70 252 76 76 77 251 253 254 248 248 250 250 2518 2518 255 255 267 274 276 276° 

Jointed Jointed Inoue? > Ynoub4 Incub9 Incub? Incub? 


REFERENCE 











Smell of Samples wher drawn Sheww this + OT 
[1D Seudders Incubation West). 2.. es 


+ 
+ 





Incubation test as judged by Smell <f- oe 








Parts per 1000, by Volume(C.C.perLitre) 
Dissoled Oxygen wher sample was drawn Shewn this ——— 











Dissolved Oxygen when sample was analysed ok anes 








Parts per 100.000, by Weight. 

















A a a a ee hw as mer ws ee 











Nitric + Nitrous Nitrogen (together)... 








ad 









































B “Qceygen absorbed from Permanganate 
at, 26°7'C(80F:) in four hours._.-.---- —— 
Chlorine (Combined) ___-_---------------- eee 








Parts per 100.000, by Volame. 
Solids iv Suspension (by Centrifuge 
(Scale divided by 70) ae 











Parts per 100.000, by Weight. 


A Albuminotd Nitrogen.__--—-- Shewn thus -—————- 





coat 
p44 


















. Organic Nitrogen by Kyeldahl, 
with Reductio , te own ae aera eee ere meme 
52. «72 70 252 76 76 77 251 253 254 248 248 250 250 251° 251° 255 255 74 276 27 
ie Jointed ee s Jointed . Incub4 Incubs jncub? Incub? ah re and Organic Nitrogen by Kjeldahl, 
2 
witha REAUCALON, «<2 eee 


pote Note 
- ointed’ Indicates a sample jointed and Figures in the Vertical line represent 
allowed to stand at laboratory temperatare . ‘Parts per 100.000. 

Figures tvthe Horizontal line represent 





« ' 
Incabated’ Indicates a sample jointed and _ therambers of the Samples analysed . 
Eetlowed:<o stand, for five days or longer atw Pcie Lind cd ase Whbeereih a 

temperature of 26. 7°C (80°F). break in the curve. 
: Weller&Graham Ltd Licho,London. 
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Diagram Vem 


ALTRINCHAM SEWAGE FARM. Note 
BROOK WATER, CURVES. A Means -Drawn fronu above Efflae Uutfall: 
MAY, 1900 APRIL & MAY, 1901. 
Cee eee an ease REFERENCE 
Boat: A 
Scudders Incubation Test)-..---------- + — 


incubation test’ as pudged by Smelly -- — 








Parts per 1000, by Votaume (6 CC.perLitre) 
Dissolved Oxygen when sample was drawn Shewn thus 








Dissolved Oxygen when sample was analysed: 














Parts per 100.000, ty Weight. 





Ammoniacal Nitrogew. ----.------- 


Loud Nitrogen by Ajeldaktl, 
with, Heduction. 2... 





Nitric + Nitrous Nitrogen (together)... ~~ 





% hry gen absorbed fi om Permanganate, 
at 26°7 C(SOF) im four hours... -.. 


(hloline Canbirie) te kee CE 











Parte per 100.000, by Wetg At, 








Albuminotd. Nitrogen. - ------ Shewn: wince 
73 7% 251% 2514 274276 4 
Incubé | ¢ Pecks y 

incu nei by Organic Nitrogen by kyeldahl, 





With HEAACILON A ee eS ik ake aoa 
Note 
j stn. the Vertical line resent 
Gree per 100. 000.” ae Orgarac Nitroger by Tyeldakht, ' 
without REANMCELON,.2 eo eee 


Figures tn the Horizontal line represent eer tie 
Ue wunbers of the Samples analysed, 


A dotted line is used when there ts w 
break tn the curve. 


an 
Incabated Indicates a sample jointed and ‘ 

% i a . 
allowed to stand for five days or longer ata Welter & Graham. Ltd Litho. London 
temperature of 26.7°C (80°F.) 
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CAMBRIDGE SEWAGE FARM. 


CuemicaAL Report. 
Situation of Farm—On the Milton road, about three miles from Cambridge. 
Total acreage of farm—102°5 acres. 


Total irrigable area—74 acres. 


. Average area irrigated at one time—18°5 acres. 
. Population draining to farm—-50,000. 
. Population per acre irrigated—675. . 


. Gallons of sewage per head per day—45. 


Dry weather flow of sewage per 24 hours—2,250,000 gallons. 
Gallons of sewage treated per acre per 24 hours—121,600. 


Gallons of sewage treated per acre per 24 hours, on the assumption that each 
acre of the irrigable area is under sewage all the time—30,400. 


. Character of the sewage—Mainly domestic (some brewery refuse). 
. Method of treatment—Screening, settling tanks, and land filtration. 


. General character of the soil and subsoil—Sandy loam overlying gravel and 


sand. 
Separate or combined sewerage system—Partially separate, 
The final effluent is discharged into—River Cam. 


Number of years farm in operation (before 1900)—Five years (systematic 
working). 


6225. | I 


CAMBRIDGE SEWAGE FARM. 


This farm is of comparatively recent date, having only been under sewage since 
the year 1895. It differs, however, in one respect from any other farm which the 
Commission has had under observation, in that for the first two and a half years of its 
life it treated the sewage admixed with a large quantity of lime ; at first fifteen grains 
cf lime per gallon were added, but this quantity was gradually reduced to eight 
grains. As it was found, however, that this system of treatment was rapidly causing 
the farm to sludge up, it was discontinued in November, 1898, since which tinie no 
chemicals whatever have been employed. (See Part IV. Engineering and Practical 


Report.) 


The irrigable area of the farm, when under observation, was 74 acres 
it is being extended), of which about one-fourth is sewaged at a time. A large 
portion of the farm is always uncropped, that is to say, the soil is mainly used as a 
bacterial filter, and so in this respect too the farm differs from the others which have 


been studied. 


The farm is drained throughout at a depth of 3ft. .6in. to G6ft. ; and sas 
the ground subsoil water in dry weather lies at a depth of 6ft. to 7ft., but little of 


this can get into the effluent. As at Nottingham and Aldershot Camp, the sewage — 


can be treated only once. The effluents are therefore again percolation effluents from 
one treatment of screened and settled sewage, through an average depth of 4ft. 6in. of | 
soil, upon which, as a rule, no crop is grown. The screenings are burnt, and the 
sludge is dug into the ground. 





“ 
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Soil and Subsoil. 


To quote again from the Engineering Report :—‘ The surface soil on the farm is 
composed of 12in. to 15in. sandy loam, overlying a somewhat compact stratum of 
gravel and sand, the Gault clay lying at a depth of from 7ft. to 12ft from the 
ground level. About 2ft. to 2ft. 6in. from the surface soil « vein of sand impregnated 
with iron occurs in parts.” 


The following table gives the mechanical composition, ete., of average samples of 
the soil and subsoil :— 


CAMBRIDGE SEWAGE FARM. 
































Surface Soil per cent. Subsoil per cent. 
Name of Fraction. ray 
sae ae a Ignited Teed ee) 
* Gravel” (above 8:0 m.m. diameter) - -— — 20°87 20°87 — 
Fine “Gravel” (above 2:0 m.m. diameter) - 4°84 4°70 0-14 19°40 18°87 0°53 
Coarse “‘ Sand” (above 1:0 m.m. diameter) - 1:59 1:46 0-13 4°18 4:06 | 0-12 
Coarse “Sand ” (above 0°5 m.m. diameter) - 1'80 1:68 0-12 4°26 4:13 0°13 
Medium ‘‘ Sand” (above 0°25 m.m. diameter) 4°03 3°92 O11 7°82 Tia O12 
“Sand ” (0°25 to 0°05 m.m.) : - : 60°31 59-14 L-L% 38°83 38°46 | 0°37 
‘ Silt”. (0°05 to 0°01 m.m.) - - - 17°63 15°85 1°78 2°14 1:96 0°18 
“Dust” (from 0:01 m.m. downwards, which 
settles from water in 24 hours) - - 6:90 5°94 0:96 1°26 1-03 0°23 
“Clay” (z.¢., the still finer residue precepieted 
from water by dilute nitric acid) - 1°36 1:12 0:24 0-41 0°35 0-06 
Loss on ignition (separate determination) — - 5-00 1-20 
98°46 98°81 4°65 99:17 98°63 | (1°74 
Real specific gravity of soil dried at 110° C. - 2-603 2°631 
Apparent specific gravity - . - - 1-434 Loe ei 
Number of particles in 1 gramme of me 
ignited soil or sub-soil (approx.) —- 614,122,660 1 176,087,960 
Number of particles in 1 c.c. of the ignited 
soil or sub-soil ‘approx.) - - - | 880,665,516 320,657,693 
Weight of water retained by 100 grammes Grams. Grams. 
of the soil when fully drained — - - 29°0 15:1 
Parts per 100,000. 
Lime dissolved by water in 24 hours - - 0-085 0058 
- Lime dissolved by water saturated with 
carbonic acid in 48 hours - . - 0530 0-582 








_ For a discussion of the figures given in this table, the reader is referred to the 
Section upon Soils, page 275. 
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Volume treated per Acre, ec. 


The sewage, which is dilute; may be taken as almost purely domestic, only a small 
quantity of refuse from two breweries being mixed with it. The normal dry weather 
flow is 2,225,000 gallons per 24 hours, and the population draining to the farm is 
50,000. This therefore gives the large volume of 45 gallons of sewage per head, and 
the very high figure of 675 persons per acre of land irrigated. As the water supply 
is only 24 gallons per head, nearly half of the sewage must be derived from subsoil 
water gaining access to the sewers. The sepa rate treatment of storm water (beyond 
twice the normal volume of sewage) is fully detailed in the Engineering Report. 


As already stated, the average area under irrigation at one time is about 185 
acres, one acre treating 121,600 gallons. But assuming, for purposes of comparison, 
the entire irrigable area to be under sewage continuously, then each acre treats a 
volume of 30,400 gallons per 24 hours all the year round. It will be noted that this is 
an exceptionally large volume, even allowing for the fact of the sewage being weak : 
and it contains 7 the aggregate an exceptionally large quantity of organic matter 
(cf. Diagram No. 4). | 


Nature of Sewage (Diagram No. 13). 


This sewage is rather weak. From the centre of the town to the farm is a distance 
of about 3% miles, so that, with the screening at the pumping station and the 
breaking up action which the pumps exert, the sewage arrives at the farm in a 
well broken-up condition, generally speaking. 


Although there is only about half an hour’s settlement in the one tank at the 
farm, some 35 tons of sewage sludge are obtained each week. For the treatment 
of this sludge, see the Engineering Report. It will be noted from that Report that 
great care is taken to prevent sludge getting on the land unless it is actually wanted 
at any part of it. A considerable quantity of grease comes down at times from the 
college kitchens, which would no doubt have a very clogging effect upon the soil. 


Hight samples of sewage were analysed, five chance ones and three sets of 
hourly samples drawn in equal quantities every hour of the day for 24 hours. The 
chance samples were taken in January, 1901, and the hourly samples in February, 
1902. All of the chance samples, excepting one (No. 217), were much weaker than 
the hourly ones. No. 217 was drawn at 2.30 p.m., three of the other chance samples 
at 11.15 am., and the fourth at 12.20 am. The sewage is usually strongest 
between 11 a.m. and 2 p.m. 


As regards the hourly samples, when No. 475 was being drawn, 0-2in. of rain 
fell, and when No. 477 was taken, 0-lin., and. Mr. Kershaw wrote later about this -— 
“At Cambridge, the 0-2in. rainfall might add one-half to three-quarters to the 
normal flow of sewage.” The effect of so much subsoil water getting into the sewers 
at Cambridge will tend to make sets of hourly samples of sewage, taken in equal 
quantities every hour, approximate in composition to sets of samples taken every 
hour in quantities proportionate to rate of flow. On the other hand, the rain which 
fell on two days of the three must have weakened the above hourly samples. The 
latter are, however, almost identical with ‘one another. The average figures from the 
hourly samples, therefore, will be mainly relied upon for any approximate calculations 
that may be made, with this proviso, that these probably represent a somewhat 
weaker sewage than is actually treated on the farm, both because of the rainfall and 
because of the samples having been drawn in February. 


Speaking generally, the above samples had but a faint sewage smell when they 
came to be analysed (Nos. 201 and 2058 had no smell, and No. 215 a soapy smell) ; 
and most of them evidently contained (for a sewage) only moderate amounts of sus- 
pended matter, which was not in every case well broken up, small pieces of paper and 
tea-leaves being visible in two of the chance samples, and some of the solids being of 
appreciable size in the last set of hourly samples. In every case. where the reaction 
was tested, it was alkaline. The temperature of.the, chance, samples. varied between 
5°6 deg. and 10 deg. C. (42 deg. and 50 deg. F.). All of the eight samples were 
screened and settled, excepting No. 201 which was screened only. ee 
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The following figures give the more important analytical results :-—— 


Average. 
Total Nitregen—(a) 5 chance samples (1°50 to 11°52) - - . 3°94 
()) 3 sets of hourly samples (5°60 to 5°80) - - - - 571 
Ammoniacal Nitrogen.---(a) 5 chance samples (0°69 to 7°31) . 2°41 
(0) 3 sets of hourly samples (3°77 to 3°85) - - . - 3°82 
Total Organic Nitrogen—(a) 5 chance samples (0°39 to 4:09) - 129 
(>) 3 sets of hourly samples (1°73 to 1°95) _— - - : 1°88 
Albuminoid Nitrogen—(a) 5 chance samples (0°28 to 1°52) - 0°62 
(b) 3 sets of hourly samples (0°89 to 0:96) - - : - 0-91 
“ Oxygen absorbed” at 26°7 deg. C. (80 deg. F.) in 4 hours— 
(a) 5 chance samples (2°07 to 17°81) - : - - - 6°99 
(>) 3 sets of hourly samples (9°49 to 10°68) - - - - 10:08 
Chlorine—(a) 5 chance samples (4:95 to 10°30) — - - - - 6°37 
(>) 3 sets of hourly samples (7°90 to 8°74) — - : - - 8°45 
Chlorine in Water Supply - - - - - - - - 1°91 
Chlorine in Subsoil Water (one analysis)- —- : - - : 1°60 
Ratio af Ammoniacal Nitrogen to Chlorine —3 sets ly 227 429-91 
of hourly samples - : - - 7 -\y 0931 
Ratio of Ammoniacal Nitrogen to Chlorine, after Ey 156) 
deducting the Chlorine of the water supply— 41:1°77; -.1:1°71 
3 sets of hourly samples - - : - u 180! 
Solids in Suspension—3 sets of hourly samples (23°8 to 28°6) : 265, 
Solids in Suspension, by Centr fuige is acta sets of ae 
samples (146 to 176) - - - : 160 
f 1 : 5°50 
Ratio of Solids in Suspension to Centrifuge Solids - a 647; - 1: 6:03 
1: 613) 
Cellulose still containing fat—3 sets of hourly samples Nee extrac- 


tion with dilute alkali and one with dilute acid) (5°84 to 7°60) 6°87 


Ratio of Celluloses containing fat to Re ge ib a} 


—3 sets of hourly samples i up bikie 
Cellulose—3 sets of hourly samples bean ietnegy with alkali, acid 

and ether (3°84 to 5:08) - : - - : 4°48 
Ratio of Cellulose to peated Solids—3 sets of Lou ; * AWemeS 

samples - - : AG eas 25 


The various curves of the figures obtained by the analysis of the Cambridge 
sewages are remarkable for the close way in which they follow one another, this 
applying especially to the three sets of hourly samples, which were yer y even in com- 
position. 


The hourly samples contained 5:7 parts total nitr ogen, 1°88 parts organic nitrogen 
(of which 0-91 was albuminoid), and they gave the figure 10:08 for “ oxygen. absorbed RG 
further, they contained 26°5 parts of suspended solids. These figures alone are 
sullicient to show the comparative weakness of the sewage. 


~The ratio of total organic to albuminoid nitrogen increased with increasing 
strength of the sewage. In the hourly samples, as already mentioned, the total 
organic was as nearly as possible twice the albuminoid. 
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The average Ratio of Albuminoid Nitrogen to “ Oxygen absorbed” in the five 
chance samples of sewage is 1: 10-7, and in the three sets of hourly samples 
1:11°0; in the chance samples this ratio is very uneven, but in the hourly ones 
very even. 

The ratio of the figures for organic nitrogen to those for “ oxygen absorbed” is 
1: 5°4, both in the chance and in the hourly samples. This is a rather higher ratio 
than was found in the other domestic sewages of Aldershot Camp, Beddington and 
South Norwood, and is very near to that of the Rugby sewage. 


The hourly samples contained, no nitrate when analysed, so there cannot have 
been much in the sewer subsoil water. Sinall quantities of nitrate and very appreciable 
quantities of nitrite were found in the chance samples examined for these, and it is 
obvious, from the general figures, that the proportion of subsoil water in the chance 
samples must have been great. 

The chlorine curve bears rather a marked similarity in form to that for ammo- 
niacal nitrogen. 

The ratios in the hourly samples between the suspended solids, estimated gravi- 
metrically, and the solids as determined volumetrically by the centrifuge, show a very 
fair agreement, the average being 1 : 6°03, and the ratios between the celluloses and the 
suspended solids were still more even, the average figures in this case being 1: 5°9. 
Here again, therefore, for this particular (screened and settled) sewage, the rapid 
estimation of the solids volumetrically by the centrifuge gives a fair idea both of the 
proportion by weight of the solids in the sewage and also of the cellulose in those 
solids. 


Egiuents. (Diagrams Nos, 14 and 15). 


As already mentioned, these are filtration effluents from one treatment of the 
screened and settled sewage through an average depth of 4ft. 6in. of soil and sub- 
soil, the land being as a rule uncropped. : 


Eighteen original samples of effluent were examined, and eleven of these in 
duplicate after incubation, making a total of 29 analyses. They were all drawn 
between January 8th and February 6th, 1991. The seventeen effluents only varied in 
temperature between the narrow limits of 4:4 deg. and 6°7 deg. C. (40 dee. and 
44 deg. F.); these temperatures were thus wonderfully even (compare the tempera- 
tures of the Nottingham farm effluents, and also Mr. Kershaw’s tables and curves of 
average temperatures for a year).* 


Of these, nine were general effluents (Nos. 204, 205, 207, 208, 209, 214, 
2148, 220 and 221), and the others final effluents from separate plots of ground. 


The following table shows some of the more important average analytical results 


from the examination of 17 to 18 effluents, full details being given in the annexed 


“Tables of Analysis and Curves :— 


Average. 

Total Nitrogen (1°48 to 3:19) - - - ; - - - 2:09 
Ammoniacal Nitrogen (0°22 to 1°31) - ; : - - 0.65 
Albuminoid Nitrogen (0.04 to 0°18) - - - - : - 0:09 
Total Organic Nitrogen (0°04 (7) to 0°42) - . : - - 0:21 
Nitric and Nitrous Nitrogen (0°69 to 2°25) - - - - 1:26 
‘* Oxygen absorbed ” from permanganate at 26°7 deg. C. (80 deg. F.) 

in 4 hours (0°16 to 1°31) - - - - - ; “0S 
Incubator Test (as judged by smell) - - - 94 per cent. passed. 


(18 samples tested.) 


The eftluents were partly clear and colourless, and with no sediment, these 
being, as a rule, the effluents from special plots ; partly slightly opalescent and of a 








* Part IV. Engineering and Practical Report. 
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brownish tinge, with a little red, brown or grey flocculent matter, and in two cases 
with a considerable green deposit ; partly rather turbid, this turbidity being no doubt 
mostly due to the separation of carbonate of lime from solution. The dimness was 
not, however, a criterion of purity or otherwise ; Samples Nos. 204 and 205 were 
both dim, but the first was good and the second bad. All of them had a clean smell 
when they came to be analysed, though in two cases it was fishy, and in five others 
slightly fishy. The reaction was alkaline. Two effluents were tested for lime in 
solution, and, as was to be expected, a very large quantity of this was found to be 
present, together with a considerable amount of sulphate. One effluent (No. 203), 
out of two tested, showed a small amount of ferrous iron in solution. 


The analytical tables and curves show very clearly the dilute character of the 
effluents, and also their comparative evenness in composition throughout ; the chlorine 
curve is pretty nearly a straight line. The effluents would no doubt have been stronger 
in summer, but we had unfortunately no opportunity of examining any at that season 
of the year. 


In only one case was there a little over 2 c.c. of dissolved oxygen per litre left in 
the effluents when they came to be analysed, the quantity sometimes going down to 
zero, and it never exceeded 4 c.c. when they were drawn, being as low in Sample 
No. 214 as 0'5 c.c. It must of course be borne in mind that these were percolation 
effluents. Speaking generally, when the dissolved oxygen in the sample was lowat the 
time of drawing, the organic nitrogen was relatively high, and vice versa. On the other 
hand, the diminution of dissolved oxygen between the times of drawing and of 
analysis was not great*. It would have been interesting if some duplicates of these 
samples had been fully aerated when drawn, and then tested for diminution of oxygen 
twenty-four hours later ; but at the time this was not thought of. 


I should like to refer at this point to Sample No. 210. When this was drawn, 
Mr Kershaw noted that there was an average thickness of gin. of sludge all 
over the ground, after 10 days’ intermittent sewaging. One might have expected that 
this would have interfered with the aeration of the soil and the consequent nitrifica- 
tion. But this effluent was a beautiful one, with practically no difference in the 
dissolved oxygen between the times of drawing and analysis ; with practically all its 
nitrogen in the form of nitrate ; and with very low figures indeed for albuminoid and 
organic introgen and for “‘ oxygen absorbed.” An effluent like this is certainly a 
strong argument in favour of intermittent sewaging at short intervals of time. 


None of the samples were boiled out for dissolved carbonic acid and nitrogen. 


The smell when drawn was no criterion of the keeping property of the effluents. 
Out of the fourteen of which the smeli was noted upon drawing, seven had a slight 
smell, but of these only one for certain, with possibly a second, went wrong upon 
incubation. 


The Ammoniucal Nitrogen in 18 of the above samples varied between 0:22 and 
1°31, with an average of 0°65. It thus constituted about one-third of the total 
nitrogen. 


The Albuminoid Nitrogen in 18 samples varied between 0:04 and 0:18, 
the average being 0:09. Nos. 209 and 214, which gave the highest figures for 
albuminoid nitrogen (viz., 0°18 and 0:13), both kept upon incubation. 


The ‘“ oxygen absorbed” in 17 samples varied between 0°16 and 1°31, the average 
being 0°81. 


The average ratio of Albuminoid Nitrogen to “Oxygen absorbed” from 
permanganate in 4 hours, after allowing for nitrite, was in sixteen effluents 1:8, the 
extremes being 1:4and1:11. Eight of the sixteen had a ratio varying between 
Teeoand, 1; 10. 





* Nore.—It will be observed that there are a few discrepancies in the determinations of the dissolved 
oxygen (a), on drawing and () on analysis—in No. 203. for instance, it was greater when the sample came 
to be analysed. These discrepancies might arise from the fact that the readings of the blue copper tubes 
(two different sets) were made by two different people ; or, some of the samples may have been difficult to 
read ; or, possibly, the sample for analysis may have been more aerated than the other during the drawing. 
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On incubation, as has been already stated, only one sample (No. 205) out of 
eighteen became putrid, while in the case of 2148 the smell of the incubated liquid 
was given as doubtful, which was certainly wrong, because of the quantity of nitrate 
left in the incubated duplicate. (Mr. Kershaw noted, with respect to the drawing of 
2148, that it had a slight smell then, and that some of the plots required a rest). 
Mr. Scudder’s incubator test passed No. 205, which was of course erroneous, and on 
the other hand it condemned Nos. 211, 212 and 216, all of which were undoubtedly 
good samples. This last test therefore is too stringent as regards the Cambridge 
etHuents, and the smell after incubation is a safer guide than the decrease or increase 


in permanganate required.” 


The total nitrogen in 17 effluents varied between 1:48 and 3:19, the average being 
2°09, a low figure. On the whole, the quantity was fairly constant. Excepting in 
one case the highest amounts were in the general effluents, — 


The total organic nitrogen, as determined by Kjeldahl with reduction, varied in 
17 samples between 0:04 () and 0°42, the average being 0°21. Here again, the largest 
quantities were found without exception in the general effluents. ‘[he total organic 
nitrogen is thus rather more than double the albuminoid (of which the average was 
0-09), but the ratio is far from being a constant one (in some instances the quantity 
present was too small for accurate estimation by this method). As the effluents were 
usually either free from sediment or practically so, this organic nitrogen comes from 
‘matter in solution. 


The determination of organte nitrogen by Kjeldahl zzthout reduction was for the 
most part unreliable here, no doubt for the reasons given in the Report upon Methods 
of Chemical Analysis (Part V.). 


Most of the Cambridge effluents contained small but relatively appreciable quanti- 
ties of nitrous nitregen when analysed—another index of uncompleted oxidation—the 
maximum amount being 0:13. 


In such dilute effluents the nitric nitrogen could never of necessity be very large, 
though in the two samples, Nos. 210 and 210a, it constituted practically the whole of 
the nitrogen present; but excepting in two instances out of eleven tested (or, 
more probably, in two instances out of eighteen) there was always some reserve of 
nitrate left after incubation. 


The ratio of oxidised to unoxidised nitrogen in seventeen samples (taking the 
unoxidised=1) varied between 04:1 and 7:0: 1, the average being 2:25:1. The 
safety limit of ratio in the case of those effluents apparently lies somewhere between 
1 and 15:1, although two samples with ratios of 0-4:1 and 05: 1 kept upon incu- 
bation. More results would be desirable here from samples just on the border line 
of safety. 


The ratio of oxidised to albuminoid nitrogen in eighteen samples (taking the 
albuminoid =1) varied between 5:1 and 39°3, the average being 17°6. The safety limit 
of ratio (for non-putrescence upon incubation) apparently lies between 7°6 and 14, say 
10:1, although two samples with ratios of 88:1 and 51:1 kept on incubation. 
Here, again, more results are required before anything definite can be stated. 


It is worth noting, however, that the ratio here is evidently a high one, 
which is what one would expect in dealing with efiluents from such a dilute sewage. 
Or, to put the matter differently, if we take equal volumes of two sewages, A and B, 
the former, A, having twice the strength of B as regards total nitrogen, and if we 
purify them down to the same absolute amount of albuminoid nitrogen, the “safety 
limit” ratio required in the case of effluents from B will be greater than in 
efflvents from A ; for it is quite evident that the further the nitrogen is reduced in 
an effluent, the less putrescible (relatively) the residual nitrogenous matter becomes. 








“4” The nitrite after incubation was not noted in the case of the Cambridge effluents. It has therefore been 
assumed as not being greater in the incubated than in the original sample. Thus, in tabulating the results 
of Mr. Scudder’s test, the effluent has been given the benefit of the doubt, where doubt existed, this being 
more especially the case in samples 202, 209, 214, 2148, 220 and 221. 
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=> The Chlorine curve varied very little,a good proof of the “equalisation” of the 
Liquid in the ground; on the whole, the general effluents gave rather the highest 
figures for chlorine. 


The Chlorine in 18 effluents varied between 6°80 and 8°06, the 











average being - - - - - - - 755 
Deduct chlorine in water supply* - - - . ; - - 1°91 
Chlorine derived from sewage - - - : - - - 5°64 
Chlorine in three 24-hourly samples of sewage (7°90 to 8°74) - - 8°45 
Deduct chlorine in water supply - - . - . . : 1°91 
Chlorine from sewage alone - - ~ = 3 : - - : 6°54. 








~ These figures indicate about 14 per cent. dilution of the-sewage on the farm by 
rain, assuming none to have been taken up by plants. 


The resemblance between the “ oxygen absorbed ” curve and that for albuminoid 
nitrogen is very striking throughout inthe case of these effluents, which, it may be 
repeated, are clear effluents from a weak sewage purified relatively to a medium 
extent. 


The “oxygen absorbed” and “nitric nitrogen” curves vary almost inversely as 
one another. 


No determinations were made of suspended solids either gravimetrically or volu- 
metrically. The amounts present were of course very small, in some cases practically 
nil. 


_....L have also included-in this report a table marked “A,” similar to the one made 
out for the Aldershot Camp effluents, together with a corresponding set of curves 
(Diagram No. 15), in order to show in a concise form some of the comparative results 
obtained from theanalysis of duplicate samples of effluents before and after incubation. 








* The chlorine in one sample of subsoil water was 1.60. 
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Leaving the dissolved oxygen, which was generally small, out of account in 
the meantime, there was usually a relatively large reserve of nitrate left in 
the effluents after incubation, but in four cases (Nos. 205, 208, 214 and 2148) 
out of eleven tested the nitrate had gone down by about 1 part, and was reduced 
to zero or nearly to zero in three out of the four. Now, in those four instances 
the “oxygen absorbed” figure in the original sample is rather high for Cam- 
bridge effluents, vzz., 1:1 to 1°38 parts per 100,000. The four hours “oxygen 
absorbed” test therefore furnishes a good criterion of the purity of these effluents, 
better, in fact, than either the albuminoid or total organic nitrogen, though on the 
whole it may be said that when the quantities of albumimoid and total organic 
nitrogen in the original sample are rather high, that sample will use up relatively 
much nitrate upon incubation. (It must of course be borne in mind here that in no 
one of the eighteen analyses did the organic nitrogen exceed 0°42 parts per 100,000, 
and in only four cases out of eighteen did it exceed 0°3 parts.) No. 221 is an 
apparent exception to what has just been said. Mr. Kershaw described it, when 
drawn, as “the worst effluent on the farm at the time. The snow has stirred up silt 
from the surface of the plots at the bottom of the farm and down air vents, thus 
fouling the effluent.” But though this sample showed high figures not only for 
“oxygen absorbed” but also for albuminoid and total organic nitrogen, the nitrate 
did not perceptibly decrease on incubation nor the ammonia increase, showing that 
the organic matter present was of a comparatively stable character. 


Out of five samples tested for increase of ammonia on incubation, in only Nos. 208 
and 2148 did any appreciable increase occur; and attention has already been drawn 
to the fact that in both of these there was a relatively large diminution of nitrate. 


Further, with increase of ammoniacal nitrogen there is usually a slight decrease 
of albuminoid* nitrogen on incubation (see curves) and no doubt also a slight decrease 
of x. nitrogen. 


The duplicate samples of Nos. 202, 203 and 210a still retained after incuba- 
tion small but appreciable amounts of dissolved oxygen (while there was of course 
practically no diminution of nitrate). This speaks well for the high degree of purity 
that can be attained by the Cambridge effluents, for the test is a most severe one. 
No. 203 is specially interesting, because the plot treating the sewage was covered 
with a thin layer of ice (cf, Mr. Kershaw’s Notes on Samplest), and the temperature 
of the effluent was only 5°6 deg. C. (42 deg. F.). The sewage was diluted that day 
by a heavy fall of snow. Again, when 210A was drawn, the plot was treating 
a much stronger sewage than usual. 


Four other samples may just be referred to before closing, vzz.: 


No. 210, another interesting sample, from the circumstances in which it was 
taken ; this has already been referred to on p. 71. 


No. 209, a general effluent, drawn when some of the plots were becoming rather 
thickly coated with sludge on the surface. As regards non-putrescibility this sample 
was good, though chemically not up to the standard of some of the others. 


Nos. 211 and 212 were drawn on the same day from the same plot, the first 
when the effluent was running freely from the drains, and the second after the sewage 
had been kept in contact with the land for two hours and a half (the sewage treated 
was, however, stronger in the latter case). Of these two, No. 211 was distinctly the 
better. 


Conclusion :—It will be seen that the Cambridge Sewage Farm treats, on a good 
porous soil and subsoil, an exceptionally large volume of a rather dilute sewage per acre, 
and at the same time an exceptionally large absolute amount of organic matter 
(compare Diagram No. 4), and produces from it a (dilute) effluent which is 
usually good, and in some instances, exceedingly good. At the same time, it is clear 
that the organic matter left in some of the less purified effluents is of a somewhat 
_putrescible character, as judged by the incubator test, though there is nearly always 
enough nitrate present to keep the liquid sweet upon incubation. The approximate 











* Note.—The difference in albuminoid nitrogen before and after incubation cannot be taken as being of 
very great consequence ; what is wanted really is the difference in the figures for total organic nitrogen. 
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number of particles per gramme of ignited soil is 614,122,660, and per gramme of 
subsoil 176,087,960. Or, the approximate numbers of particles in unit weights of ignited 
soil and subsoil, taking the numbers at Nottingham as 100 in each case, are :—goil 75 ; 
subsoil 61. The relative calculated internal filtering area at Cambridge per unit of 

surface, down to the drains, works out to about three-quarters of that at Nottingham. — 
The rate of filtration: at Cambridge must be a medium rate, probably rather faster 
than that at Nottingham, (Compare Section dealing with Soils, and also Conclusions). 


Percentage purification, as calculated on the atbuminoid nitrogen and “ oxygen 
absorbed” im four hours. 


(1) Albuminoid Nitrogen. 3 Average. ~ 
v5 chance samples of screened and» settled sewage peared 
gave . - - : - - - (0:28 to 1°52) - 0:62 
3 sets of 24 hourly samples of scréened and settled id -peyiten 
sewage gave - - - - : (0°89 to 0:96) — - 0:90: 
18 samples of final and general effluents gave (0°04 to 0°18) - ~~ 0-094: 


The percentage purification, therefore, was— : 


on the chance samples . 84'8 per cent. - 
on the hourly - - - 89°7 per cent. 


(2) “Oxygen absorbed.” | 
5 chance samples of screened and settled sewage 


gave) (ae 0S OS Bi ely (2-0 Cee 6:99 
3 sets of 24 hourly samples of sewage gave (9°49 to 10°68) - 10-08 
17 samples of final and general effluents gave (0:16 to. 1°31) -. 0:81 


The percentage purification, therefore, was— 


on the chance samples - 88-4 per cent. 
on the hourly’ - - -'. ,92°0 per cent. 


Comparison of the total nitrogen.in the sewage. and jinal effiuents: 


Average. 
The average total nitrogen in the’ three:sets-of 24 hourly samples ~~ ~ 
of sewage was (5°60 to 5°80) -) 5 9". - SUES he - i RST LE MO 
The average total nitrogen in 17 effluents (1°48 to 3:19) ~~ ' 2-09 
If'we take the chlorine’ figures as an index of the dilution by rain, the © 
second figure 2°09 becomes.2:09 x ar = 2°-43..  Disregarding»any: subsoil water onthe 


{ 


one hand, and loss by evaporation on the other (there would probably not be much 
evaporation in January and February), the above figures show that some 40 per cent. 
of the nitrogen of the original sewage runs into the river. 


Subsoil Water. 


Une sample of subsoil water (No. 219) was examined, in duplicate,.7¢., one 
bottle of it was analysed the day after drawing, while the other was mercury- 
jointed and examined after being kept at laboratory temperature for two months— 
(January 3ist to March 28th, 1901). The water was drawn, from a, field .in. the 


neighbourhood of the farm, which was notin such a. position as.to be affected:, by 
the farm itself. . 


{ 


a 


As will be seen froma glance at the figures of analysis, this water was very 
pure, containing practically no oxidisable organic matter, for the dissolved oxygen 
in it suffered hardly any diminution during those two months. There was a con- 
siderable amount of nitrate in it, however. The chlorine (1°6) was practically the 
same as that in the town’s water supply (1:91). 


Apart from sandy sediment, without which the sample could not be drawn, the 
water itself was clear and colourless and without smell. It contained much lime in 
solution and also a considerable amount of sulphate, but no appreciable iron. 


Water from the river Cam, with and without admixed effluent. (Diagram No. 16.) 


In the Engineering Report Mr. Kershaw says : —‘‘ There is one main effluent out- 
fall, discharging into the River Cam a short distance below Baitsbite lock. The river at 
this point has a normal flow of about 30 million gallons per 24 hours, and a very slow 
current ; it appeared to be in good condition. The volume of effluent as compared 
to the volume of the river is about 1:15 normally. A small quantity of sewage 
fungus was noticeable at times issuing from the main effluent outfall, which has a 
submerged outlet.” 


Only five samples were examined, two of them in duplicate after incubation, 
making seven complete or partial analyses in all. Of these, Nos. 206, 209 and 222 


~ were taken above the effluent outfall and Nos 214A and 223 below it. The various 


samples were either clear and colourless or slightly turbid, some of them with small 
but appreciable amounts of sediment ; they had either no smell or a slight earthy one. 
No. 206 contained a great deal of lime in solution, only a rather small amount of 
sulphate, and no iron; the other samples were not tested for these. 


Too few analyses were made to allow of drawing many conclusions, but those that 
were done show the river to have been in a fair state for @ non-drinking water stream 
in January and February, 1901. Incubation did not by any means exhaust the 
dissolved oxygen in three out of four samples noted; in the fourth (No. 2144). whicb 
was drawn 100 yards below the effluent outfall, the dissolved oxygen. was 
practically exhausted after incubation, but plenty of nitrate remained. This being 
the case, there was of course no question of putrescibility. Curiously enough, Mr. 
Scudder’s incubation permanganate test was adverse to these samples,-so it was 
obviously too stringent. The nitrate was practically a constant quantity, the curve 
being nearly a straight line. 


Nos 222 and 223 are comparable samples, having been drawn on the same day 
(a) above and (4) 10 yards below the effluent outfall. There is no very great difference . 
between them, excepting as regards ammoniacal nitrogen and cblorine. 


Buried sludge from Cambridge Sewage Farm (See Tables of Analysis, p. 87).. 
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CAMBRIDGE SEWAGE FARM. 





TABLES OF ANALYSIS. 





L:NEDe EX, 
' PAGS. 
Hourly Sewage Samples, Nos. 475, 476, 477 Let - - - - - 79 
Sewages and Effluents, Nos. 201, 202, 203, 204, 205, 2054, 2050 - - - : - - 8)—8l 
Kffluents, Nos. 207, 208, 209, 210, 2104, 211, 212 - - - - - - - - - - 82—83 
Sewages and Effluents, Nos. 213, 214, 2148, 215, 216, 217, 218 = - - : - 2 - - 84—85 
Effluents, Nos. 220, 221 - - - - - : - - - - - - - - 86 
Buried Sludge : ; : ; d i f : ; 3 : é : é : t 87 
River Water above and below Effluent outfall :— 
Nos. 206, 209A, 2144 - - = : 7 ; 5 aire : Pad elie ia) 
Nos. 222, 223’ * - : : a é ? f : f i i { ae st 89 


Subsoil Water, No. 219 - - - : - - = oe - owe : 89 
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CAMBRIDGE SEWAGE FARM, 1902. 
Sets of Hourly Sewage Samples drawn in equal quantities per hour. 


No. OF SAMPLE - 


NATURE OF SAMPLE - 


~ | 
SSREENED AND SETTLED | SCREENED AND SETTLED 


475 476 (°) 








SEWAGE. 
24 hours’ sample. 


SEWAGE. 
24 hours’ sample. 





Rainfall while sample was _ being 
drawn. 


Drawn - = - - - 


Analysed - - : - - 


Parts per 100,000, by weight. 


Ammoniacal nitrogen (by distillation)- 
Albuminoid nitrogen - a= i 
Nitrous ‘ = a 
Nitric zs . oF. 2 


Total nitroge: by Kjeldahl, with re- 
duction. 


Blank - - - - - - 
“X” nitrogen - - - - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 


” by) >? 


Chlorine : = 2 é 2 


Total solids (gravi:netrically ) 
Solids in suspension ,, : 


Solids in solution E. a ee 


Cellulose still containing fat (by ex- 
traction with alkali and acid 
alone) (a). 

Cellulose (by alkali, a -id and ether) (b) 


from (a) - - - 
Grit - 
from (b) - - - 


Parts per 100,000, by volume. 
Solils by Centrifuge - - - - 


Remarks - 





after four hours | 





0:204 (?) 0:00 


From Monday 24th Feb- 
ruary 1902, 12noon, to 
25th February, 1] a.m. 


From Tue: day 25th Feb- 
ruary, 12 noon, to 26th 
February, 11 a.m. 


26th February 1902. 28t! Febr ary 1902. 





477 (), 





SCREENED AND SETTLED 


SEW AGE, 


24 hours’ sawmp'e. 





0°10" 


From Wednesday : 26th 
February, 12 noon, to 
27th February, 11 a.m. 


Ist March 1902. 





3°85 3°85 
0°89 0°96 
None None. 
0°02 None. 
5°60 5°80 


(0°45 in 4°54) (0°45 in 4°69) 





7°8 Noun-vol. (10-4 Non-vol. 


19-4 Volatile 


0°84 0:99 
IRE 7s 1°95 
Dah ey 2°19 
10:07 10°68 
7°90 8°74 
( 40°2 Volatile 40°8 volatile 
101°8- 108°6 
| 61-6 Non-vol. 67°8 Non-vol. 
-20°8 Volatile face Volatile 
286 gD 


{ 240 Volatile 
ies 


2 81°4 
|53°8 Non-vol. | 57-4 Non-vol. 
716 7°69 
5°08 4°52 
4°52 2°28 
4°88 2°28 
157°0 176°0 


(3 minutes) (3 minutes) 


Turbid and brown, with | Turbid and brown, with 


a rather small amount apparently less de- 
of brown suspended osit than No. 475. 
matter. Faint sewage ery faint sewage 
smell. smell, Alkaline. 


General solids up to 0°73 | Solids up to 0°36 mm. 
mm. long. Fibre 0°88 mm. 
Fibre (not much) - 0°52 | Hair 0°52 
Hair (very little) - 3:02 
Note.—\}) Mr. Kershaw 
wrote on May 14th, 
1902, about this :— 
“At Cambridge the 
0:2” of rainfall might 
add from one-half to 
three-quarters to the 
normal flow.” 


2» 





| 
| 





101 | 


3°77 

0°89 
None. 
None. 


5-72 


(0:45 in 4°63) 


1:06 
1°95. 


2°08. 


9°49; 
8°70 


41°8 Volatile- 
59°4 Non-vol... 


(16-0 Volatile 
23°8 
| 7°8 Non-vol. 


25°8 Volatile 


(51 ‘6 Non-vol.. 


5°84 


3°84 


2°40 
2°36 


146°0 


(3 minutes) 


Turbid and brown with 
apparently about the 
same amount of deposit 


as No. 476. Distinct 
sewage smell. Alk..- 
line. 
Solids up to 5°20 mm. 
Fibre - 4°70 mum. 
Hair - 26°8 


(?) These sampl-s were delayed in transit. 
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SS RS SRR TS AR SSS PR RAST EE RES AS ES eR 


CAMBRIDGE 





No. OF SAMPLE - 


NATURE OF SAMPLE - - - - 





Drawn - - - - 


“Temperature of sample . - 
Temperature of air - - 
If jointed or incubated 


Analysed 
Parts per 100,000, by weight. 

Ammoniacal nitrogen : 

(a) by direct Nesslerization - 

(b) by distillation - - - - 
Albuminoid nitrogen - - : - 
Nitrous < 
Nitric is : - - 


Total nitrogen by Kjeldahl, with re- 
duction (after nitrite correction)  - 


Blank - E 2 J 2 , " 


‘Correction for nitrite 
“«“X” nitrogen = : 


Organic nitrogen BY. Kjeldabl, Pou 
reduction - 


» Organic nitrogen ” Kjeldahl, without 
reduction : 


Taking ammonia by distillation — - 
“Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once - - 

29 a » after four hours. 


‘Oxygen absorbed from permanganate 
by. sample incubated for five oye 
at 26°7° C. (80° F.) ; at once - 


> » has after ili hours. 
Smell after incubation - - - 


Chlorine 2 : z 


Gases: Parts per 1,000, by volume. 
. Oxygen (by cuprous chloride) : 
-(a) When sample was drawn - 


analysed - 


9? 3%” ” 


Remarks - tat 2, ies ae 











Sewage and Effluents. 
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“SEWAGE: FARM, 1901. 





201 


ROUGHLY 
POREENED Sewage 
' (a weak sample, 

apparentl 
containing a large 
quantity of 
subsoil water). 


202 


FINAL EFFLUENT 
corresponding to 
Sewage No. 201. 





Tuesuay, 8th 
January 1901, 
12.20 noon. 


67° C. (44° F.) 
0°6° C. (33° F.) 


- | 9th January 1901. 


PA 

0°53 

0:19 
Not done. 


There miglit have 
been nitrate here. 


2°95 


(0-14 in 4°28) 


+ 10 
0-11 


0-64 


1°95 
7:14 


5°68 


Very dilute} 
sample. Slight 
brown and grey 
deposit, with 


some __ tea-leaf. 
No smell. —Al- 
kaline. 





Tuesday, 8th Janu- 


19077 71.30 


ary 
p.m. 

6'1° C. (43° F.) 
2°2° C. (36° F.) 


9th January 1901. 





202 203 
SMALL EFFLUENT FROM 
DUPLICATE. SAME SOURCE AS 


hours sewaging 
with dilute 
sewage. Plot 
covered with ice, 








Wednesday, 9th 








0°25 
0°07 
0-02 
2°23 


2°56 
(0°34 in 4-08) 


+0°01 
None (— 0°01) 


0:07 


None (— 0°04) 


0-28 
0°48 


0°27 

0°38 
Not so sweet smell- 
ing as original 
sample, but not 


putrid. 
7:48 


3:75 
2°3 \ On 9th Jan. 
17 Three ob- 
sri servers. 


‘Very faintly opal- 
escent, and with 
but a minute 
quantity of 
brown-red _ floc- 
culent — matter. 
Clean earthy 
smell. -. A very 
large quantity of 
lime in solution, 
with a fair 
amount. of. sul- 
phate. . No iron 
in solution, ‘or 
practically none. 








January 1901, 
11.25 a.m. 
mons 5°6° C, (42° F.) 
-— - 0:0° C..(32° ¥F-.) 
Jointed and in- —— 
cubated 9th 
January. 
14th January 1901, 
--— 0°22 
so 0:05 
None Trace. 
2°48 1°57 
——— 1:99 


(0°34 in 3°11) 





None. 
0°15 


0:20 


0:02 


0°18 
0:28 








0:12 
0°40 
Sweet. 


7°50 


*0°75 
is Three 
: observers. 


Clear and colour- 
less, with no sed- 
iment. Hardly 
any smell (guile 
clean). 


After incubation 


this. had 
eartby smell. 


an 


*This must sure- 
ly have been 
wrong. 


No. 202, after‘28 | 


203 


SMALL 


DUPLICATE. | 


Jointed and ir 


cubated, 
January. 





None. 
1°57 


fe 


10t 
10th January 1901. | 15th J anuary 19( 


The only chang 
here is that th 
oxygen has de 


creased by 1 ¢. 
on incubation. 


——E—EeEEeeEeeE—eeE—eEeEeE——eEeE—E— cates 
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CAMBRIDGE SEWAGE FARM, 1901. 


Sewage and Effluents. 





204 204 205 205 
GENERAL SMALL GENERAL SMALL 
EFFLUENT - DUPLICATE. EFFLUENT. DUPLICATE. 


(combined. ) 








| 
2058 205c 205c 
SETTLED SEWAGE SPECIAL SMALL 
THROUGH TANKS EFFLUENT DUPLICATE. 
(very dilute ; corresponding to 
much grease No. 2058, off No. 4 
coming down). field, sewaged 
one day. 
Ice gone. 














ednesday, 9th — Thursday 10th —— 
ynuary 1901, January 1901, 
».15 noon. 11.45 a.m. 
56° C. (42° F.) -_-— 50° C. (41° F.) ae 
0° C., (82° F.) tess 56° C. (42° F.) te 
—_-— Jointed and incu- —— Jointed and in- 
bated 10th Jan- cubated llth 


January. 





Saturday 12th | Saturday 12th — 
January 1901, | January 1901, 
11.15 a.m. 12.20 noon. 
10° C. (50° F.) 5°6° C. (42° F.) siaes 


5:0 C. (41° F.) 5°0° C, (41° F.) —— 


—— Jointed and in- 
cubated 14th 
January. 


uary. | 
sh January 1901. teen dander 1901. | 11th January 1901. | 21st January 1901. | 14th January 1901. | 14th January 1901. | 4th February 1901. 





Turbid. —_—— Turbid. —- 
0°59 0°62 0-76 —— 
0°10 0:08 0-11 wane 
0-01 None. 0:08 None. 
1:06 0°91 0°76 0:06 
hout With Without With 
gar. sugar. sugar. sugar. 
“90 1°91 — 1°80 1°82 - 
lin (0-14 in sea! (0°11 in (0°14 in = 
85) 2°90) 2°66) 2°73) 
+01 —— + 04 + 04 — 
0715 — 0°10 — 
0°25 —— 0°21 —— 
—— _—— 0°31 ——- 
0-17 ee 0°31 0°15 
0°75 — 1°31 —— 
0°16 — 0:19 —— 
0-78 —- 0°82 —-- 
Earthy. —— Just putrid or | Distinctly putrid 
doubtful (three | and also smell 
observers). of sulphuretted 
hydrogen. 
7°66 = 7°54 ree 
pT — 15 —— 
little (1:0) Three Trace, i.e. much 
over \ 1:0 -obser- less than 1 ce. 
0°75) vers. (two observers). ip sal 
ry dim to read. Very dim to read. 


ss Turbid. 
1:02 0°30 
0-28 0:04 
0:09 None. 
Not done. 1:06 


Should have been. 


Without With 
sugar. sugar. 





1°50 l°62 1°51 
(0°34 in 2°46) (O-llin (0°14 in 
2°32) 2°33) 
+ *05 None. 
0-11 0°12 
0°39 0°16 
a 0:04 
0°66 0°14 
2°07 0°38 
—— 0:08 
— 0°36 f days. 
—— Sweet. 
(a) 5°00 6°80 Pak’ 
(6) 4°90 
—— 1:0 = ws 


| 1:2 Four /) 
Ste 0:9 obser- Trace only. 
0°85 vers. 


is effluent was | Slight brownish | This sample was | After incubation Slightly turbid, | This sample was | Beyond losing its 


im, the dimness | sediment. Ear- | dim and turbid, | this wasslightly 
ing partly due} thy smell, i.e, | but with only a | brownand clear. 


» lime, I think, | sweet. verylittlebrown | No sediment. 
ith a httle—but flocculent mat- 

ppreciable — light ter. Clean, 

town flocculent slightly _fishy- 

atter. Clean earthy smell. 

nell (somewhat 

shy-earthy). Note.—It is instructive that this 
ry large amount sample should have gone putrid. 


lime in solution. 
onsiderable am- 
unt of sulphate. 
mall amount of 
‘on (evidently 
Trous). 


the filtered li- | clear with aJ| small amount of 
quid being prac- | slight brownish | oxygen, this in- 
tically colour- | tinge and no} cubated sample 
less. Consider- | sediment. No | has undergone 
able amount of | smell. Alkaline,| practically no 
grey sediment, change. 
consisting large- 
ly of small 

ieces of paper. 

tactically no 
smell. Alka- 
line. 





om 
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CAMBRIDGE SEWAGE FARM, 1901. 


Effluents. 
EE eee 


No. OF SAMPLE - - - - - 


NATURE OF SAMPLE - - - 





207 


GENERAL EFFLUENT 
(slight iron smell). 


208 


GENERAL EFFLUENT 
(slight iron smell on 
shaking). 


208 


SMALL DUPLICATE. 


209 — 


GENERAL EFFLUENT. 


Drawn - - =e - 


Temperature of sample 
Temperature. of air 


If jointed or incubated’ - 


Analysed 


Monday,14th January 
1901, 11.30 a.m. 


50° C. (41° F.) 
56° ©. (42° F.) 


15th January 1901. 








Tuesday, 15th Jaguary 
1901, 11.15 a.m. 


50° C. (41° F.) 
L'7° C. (38° F.) 


16th January 1901. 





Jointed and ineu- 


bated 16th Jan- 
uary. 
6th February 1901. 


; ter «if 
Wednesday, 16th Januart 


1901, 11.40 a.m. >> 
4°4° C. (40° F.) 
4°4° C. (40° F.) 


17th January 1901. 








Parts per 100,000, by weight. 


Ammoniacal nitrogen : 
(a) by direct Nesslerization - 


(b) by distillation - : 4 
Albuminoid nitrogen - : < : 
Nitrous a . - : 


Nitric oe ee 


Total nitrogen by Kjeldahl, with re- 
duction (after correction for nitrite. ) 


Blank - z z 


‘Correction for nitrite - - - 
“X” nitrogen = - - - - - 
Organic nitrogen - - - - - 


Organic nitrogen by Kjeldahl, without 
reduction : 
Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 

a i. . after four hours. 
“Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.) ; at once. 
after four hours. 


4 ” ” 


Smell after incubation A 4 5 


» Chlorine - - - . - 


Gases ; Parts per 1,000, by volume. 


Oxygen (by cuprous chloride) : 
"(a) Whendrawn - - -— - 


(b))When analysed = -  - 


Remarks “ - : - - - 


Turbid. 
0°85 
0:10 
0:07 
1°63 


Without. With sugar. 
2°78 2°82 


(‘11 in 4:09) (-14 in 4°17) 


+ 04 + 04 
0°13 0:17 
0:23 0:27 
0:13 
0°42 
1:12 
0:27 ; 
six 
0:99 days. 
Sweet. 
7°40 
2°5 
{ioe two ob- 
0°75 f servers. 


When drawn, there 
was some flocculent 
red matter in this 
liquid. On 15th Jan- 
uary it was slightly 
opalescent with a 
rather considerable 
een deposit, with 
black specks in it 
(also a good sized 
worm). 
Earthy smell. 











0°71 
0:09 
0-07 
1-08 


2°07 


(0°34 in 3°31) 
+ "04 
0-12 
0-21 


Lost. 


0°28 
1:10 


009 | twelve 
0-49 ‘| days. 


Sweet. 


7°82 


2°75 
Not entered on 16th. 


Mr. Kershaw says “This 
is apparently a fair 
average sample of the 
general effluent for the 
time of year.”’ 

On 16th January the 
sample was rather 
turbid (from lime, no 
doubt), the liquid itself 
being ractically 
colourless. Very little 
sediment but a moder- 
ate amount of (yellow) 
weed. 


0:99 

0-11 
0:02 approx. 

0°19 
Note.—The reduc- 
tion in nitrate here 


is very striking. 


on 


0:29 
After incubation 
the liquid was 


clear and slightly 
brown, with a con- 
siderable amount 
of aggregated 
brown flocculent 
matter. 

No smell. 


Turbid. 
0-74 
0-18 
0:05 
0:91* to 0-96 
Withoutog (With organ 
1-90 1-90 
(0-11 in 2:83) (0-14 in 2°86 
4-03 
0-02 (?) 
0-22 (2) 


0°26 


0-28 
1°31 


0°28 
0°85 


Sweet. 


Tat: 


2°0 . 
None. a 
: 


Opalescent. A consider: 
ablequantity of greenisl 
matter (weed evidently) 
Clean smell. Alkaline. 
When this sample was 
drawn, some of the plots 
were becoming rather 
thickly coated’ with 


sewage sludge. 7- 


*A few drops lost at the 
end of nitrate distilla- 
tion. 


ee 
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CAMBRIDGE SEWAGE. FARM, . 1901. 





























Effluents. 
210 210a 210a 211 212 212 
FINAL EFFLUENT EFFLUENT - SMALL EFFLUENT SAME EFFLUENT SMALL 
from No. 4 Plot, which from Field No. 4 ‘DUPLICATE. drawn when running as No. 211, ? DUPLICATE. 
had been sewaged (clear, no smell). freely away from but after being kept in 
12 hours a day for the drains. contact with land for 
10 days. 24 hours. Sewage was 
however stronger from 
1 to 2 p.m. than from 
11 to 12.30 a.m. 
Wednesday, 16th Jan- | Friday, 18th January oe Monday, 21st January | Monday, 2lst January -—- 
uary 1901, 12.30 noon. 1901, 2,40 p.m. 1901, 1.45 p.m. 1901, 4.45 p.m. 
56°C. (42° F.) 61° C. (48° F.) ae 67° C. (44° F.) 56° C. (42° F.) —- 
5:0° C. (41° F.) 72° Cr(45° F-) -— 11}? &, (52° F.) 10°6° C. (51° F.) —— 
— ight: Jointed and — — Jointed and 


17th January 1901. 





(0°34 in 2°83) 
None. 
None (-0'13 !) 
(?) 


Lost. 


0-04 
0:16 


0-01 
0:32 


Sweet. 


7:28 


2°75 


23 to 25 { penree 


This was a beautifully 
clearand almost colour- 
less effluent with no 
visible sediment. No 
smell. Alkaline. 
When this sample was 
drawn, there was on an 
average 2” of sludge 
over the ground. One 
would have expected 
this to interfere with 
the nitrification (1.e. : 
the aeration). 


observers. 





19th January 1901. 


0:25 
0:05 
Trace. 


1°58 


1°62 


(0°34 in 2°71) 


None. 


None (-0°26 !) 


None (-0:08) 


0°03 


None 


0°27 


eight 
days. 


7°66 
3:0 
1:3) two ob- 
1:2f/ servers. 
Clear and _ almost 
colourless. No 


sediment. No smell. 


Alkaline. 


The sewage going on 


to this 


plot was 


much stronger than 
usual, and of a dark 
brown colour. A 


incubated 19th 


Januar ?®. 


llth February 1901,] 22nd January 1901. 


None. 


1°28 


three 


5 
0 eee 


Quite colourless 
and clear after 


23rd January 1901. 





Turbid. 
0°42 
0:08 
, 0°02 
1°14 
Nivediiame, Sandoath. 
1-67 1:64 
(14 in 2°55) (14 in 2°57) 





TOL +01 
0:01 None (—0:02) 
0:09 0:08 


: very 
0 o4{ turbid. 
0°16 
0°59 


0°23 
0°42 


Sweet. 


six 


days. 


7714 


4:0 
1:6\ two ob- 
1‘7f servers. 


This sample was 
slightly opalescent 


incubation. No | and nearly colour- 
sediment. No| less, butwith aslight 
smell. brownish tinge. A 


trace of brownish 


sediment. Slight 
fishy-earthy smell. 
Alkaline. 





Turbid. 

0°63 

0:09 

0:04 

0°65 
Sugar. Sugar. 

Gauze flame. Sandbath. 

1°50 1°46 


(14 in 2°29) (14 in 2°25) 

+ °02 + °02 
0°09 0:05 
0:18 0:14 


0°35 


0°18 


0°80 


@:24 
0°61 


Sweet. 


7°56 


1:25 


None, or,merest trace. 


This sample was dim, 
with a small amount 
of grey sediment. 
Clean earthy smell. 
As might have been 
expected, this is not 
such a good sample as 
No. 211, 


incubated 22nd 
January. 
8th February 1901. 


0°69 
6-06 
0°03: 
0-41 


0°12 


Earthy. 


After incubation, 
slight brown 
sediment in a 
clear liquid. 
Earthy smell. 

Very good sample. 
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CAMBRIDGE SEWAGE FARM, 1901. 
Sewages and Effluents. 


Nu. OF SAMPLE - - - : 





NATURE OF SAMPLE - - - - 


No. 218 


SCREENED AND 
SETTLED SEWAGE 
(very dilute). 





rawnh - ao = = z : ‘ 


Temperature of sample - - 
Temperature of air - - 
If jointed or ineubated- - - - 


Analysed - - 5 = : 








Parts per 100,000, by weight. 
Ammoniacal nitrogen : 
(a) by direct Nesslerization - 
(b) by distillation - : - 
Albuminoid nitrogen - - - : 
Nitrous . : 5 Z 
Nitric 3 - - 
Total nitrogen by Kjeldahl, with reduc- 
tion (after correction for nitrite). 


Blank 


Correction for nitrite - - 
“xX” nitrogen : - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 


Taking ammonia by distillation - 

Oxygen absorbed from permanganate 
at 26°7° C. (80° F.): aé once. 

after four hours. 


” 39 ” 


Oxygen absorbed from permanganate by 
sample incubated for five days at 
26°7° C. (80° F.) at once. 

after four hours. 


” ” ” 


Smell after incubation - = z 


Chlorine 3 2 s E 7 


Gases ; Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 


(a) When sample was drawn - - 


db), » analysed - 


(‘Remarks fs S " & < 


Wednesday 23rd 
January 1901. 
11.15 a.m. 

10:0° C. (50° F.) 
5°6° C. (42° F.) 


24th January 1901. 





0°69 
0°35 
0°22 
0°10 
Sugar. Sugar. 
1°40 1°45 


+0°13 





0:04 0:09 


0°39 0°44 


0°24 


0°70 
2°99 


5°30 


A very dilute sample 
(the filtered solu- 
tion was colorless), 
Small amount of 
brown and grey 
sediment; ver 
faint sewage smell. 


doubt due to lime. T 


distinctly fishy. 


g' 
Naked flame. Sandbath. | Naked flame. 





214 


GENERAL 
Er FLUENT, corres- 
ponding to Sewage 
No. 213, (very 
slight smell). 





214 


SMALL 
DUPLICATE. 





56° C. (42° F.) 
6:1° C. (43 F.) 


25th January 1901. 


Turbid. 
0°97 
0°13 
0-06 
1°32 
Sugar. 


Sandbath. 
2°59 


Sugar. 


2°70 


(0'14in1°99)(0°14in2-05)|(0'14in4°01)(0°141n3°85) 


+ 0°03 
0:22 


+0:03 
0-11 


0:38 0:27 


None (—0'01) 


0°16 
1°10 


0°16 
0°84 


Sweet and strong or 
fishy, but not offen- 
sive. 


7°70 


0°5 


Merest trace. 


Yesterday (24th 
January) I think 
this effluent was 
comparatively clear. 
To-day it was very 
dim and turbid, but 
with only a very 
little light. brown 


Jointed and incu- 
bated 24th Jan. 





214B 
GENERAL 
EFFLUENT 
(slightly cloudy ; 
slight smell,some | 
plots requiring a 
rest). 


Saturday 26th 
Jannuary 1901, 
12°45 noon. 
5°6° C. (42° F.) 
5°6° C, (42° F.) 


Opened llth Feb. | 28th January 1901. 
1901. 


This sample was 
very much 
blackened and 
had sucked in 
most of the 
mercury from 
the joint. Ver, 
strongly putrid. 
Not analysed. 


Note. This de- 
composition has 
gone further in 
17 days than in 5 


days at 80° F. 


flocculent sediment. The turbidity is no 
he liquid had a brownish tinge. 


Smell 


line ; sus- 


Turbid. 
1:16 
0°12 | 
0-09 
1-63 
Naked fiemes Cendbatil 
3°17 3°21 
(13 in 4°66 & in 4°74) 
+ 05 + 05 7 
0°17 0°21 


0-29 0°33 


0°42 


0°31 
116 


0°30 
0°88 
On border 





three \I. 
picious ; \observers. (| 
sweet. \ 
7°98 | 


Y 


1°25 i 


03 { 


Slightl cloudy | 
(cloudiness due 
mostly to lime), fi) 
but with only a | 

small quantity of 
light brown floc- | 
culent matter. 
Smell 
fishy, 

good. 


two } 
observers. 


ee 


decidedly | — 
but quite i { 
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CAMBRIDGE SEWAGE FARM, 1901. 
Sewages and Effluents. 


214B 215 
SMALL SCREENED AND 
DUPLICATE. SETTLED SEWAGE 


(weak). 





1901, 11.15 a.m. 


10:0° C. (50° F.) 
2-2? C. (36° F.) 





| Jointed and Incubated 
28th January. 
llth February 1901. 


29th January 1901. 


1°37 0°89 
0°10 0°40 
0:02 0°22 
0°87 0:26 
_—— 2°30 
—— (0°34 in 3°53) 
ore +0°13 
— 0°53 
—— 0°93 
0-19 1°03 
—— 4:92 
Sweet: — 
—— 5°42 
After incubation | Fairly large amount 


liquid was brownish, 
with brownish sedi- 
ment. Sweet. 


of brownish-grey 
sediment. Soapy 
smell. 





216 


EFFLUENT, 
corresponding to sewage 
No. 215 (clear, no smell). 





217 


SCREENED AND 
SETTLED SEWAGE 
(strong). 





Monday, 28th January | Monday, 28th January 


1901, 12.50 noon. 
6:1° C. (43° F.) 
3°3° C. (38° F.) 


30th January 1901. 


0°41 
0:06 
None. 


1:36 


Flask broke. 


None. 
(— ‘15 ) 


None. 


0°39 


0-11 ) 
0:39 


six days. 
7°26 


(2) 1:5 


2°25 
1°8 
1°75 


This looked an excel- 
lent effluent. Clear 
and colourless, with 
practically no sedi- 


Three 
observers. 


ment. Clean smell 
(slightly  fishy- 
earthy). 





Monday, 28th January 
1901, 2.30 p.m. 


10:0° C. (50° F.) 
3°3° C. (38° F.) 


29th January 1901. 


731 
1°52 
0°12 
not done. 
Sugar. 


Sandbath. 
11°63 


Sugar. 
Naked flame. 
11°41 
(0'13 in 8°37 & in 8°53) 
+ ‘06 + 06 
2°46 2°68 





3°98 4°20 


3°48 
17°81 


10°30 


Considerable brown 
deposit ; slight sew- 
age smell; alkaline. 





218 


FINAL EFFLUENT, 
corresponding to sewage 
No. 217 


Monday 28th January 
~ 1901, 4 p.m. 


61° C. (43° F.) 
0°6° C. (33° F.) 


30th January 1901. 


Turbid. 
0°42 
0:06 
he wy trace (‘004) 


1:05 
Sugar. Sugar. 
Naked flame. Sandbath. 
1°59 1°62 


(0:13 in 2°44 & in 2°48) 
None. 


0:06 0°09 


0-12 0°15 


0-09 approx. 


0°15 
0°57 


0:07 
0°51 


Sweet. - 


7°38 


2°75 
eke ie Three 
0-9 observers, 


This looked an excellent 
effluent. It was clear 
and with practically 
no suspended matter. 
Clean smell (slightly 
fishy-earthy). 


CAMBRIDGE 
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SEWAGE: FARM, 41901. 








Effluents. 
| 
No..0OF SAMPLE = - - .% of No. 220 221 221 
“NATURE OF SAMPLE - - - GENERAL EFFLUENT. | GENERAL EFFLUENT. SMALL DUPLICATE. 
Cloudy and witha slight | Sewage smell when 
smell when drawn. drawn, and very 
cloudy. 








Drawn boistlf <0 e  -aye. rae 


Temperature of sample E - 
Temperature of air - L 


Tf jointed or incubated 
Analysed - - - - < : 


Parts per 100,000, by weight. 


Ammoniacal nitrogen : 
(a) by Direct Nesslerization - - 


(b) by Distillation - = 2 : 
Albuminoid nitrogen - z i c 
Nitrous e - Zs 


Nitric * - - : 


Total nitrogen by Kjeldahl, with reduc- 
tion, after nitrite correction, 


Blank - - - - - - = 


Correction for nitrite - - . =; 


«“X” nitrogen - - - - 


Organic Nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 
Taking ammonia by distillation  - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); aé once. 
after four hours 


” ”” ” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.) ; at once. 

rf 53 % after four hours 


Smell after incubation - S . 2 


Chlorine : : 3 ae 


Gases ; parts per 1,000, by volume. 


Oxygen (by cuprous chloride) : 
(a) when sample was analysed - 


Remarks. . ° : : 





Monday 4th. February | Tuesday 5th February 


1901, 12.15 noon. 
4:4° C. (40° F.) 
0° C. (82° F,) 


5th February 1901. 


Turbid. 

1°28 

0:10 

0:04 

0°84 
Sugar. Sugar. 
Naked Sand 
flame. bath. 

DDS *2°62 


+02 + °02 
0:27 0°36 
0°37 0°46 
0°23 
0:24 
1:04 
0:21 
6 days. 
0:97 
Sweet. 
8:06 


Possibly a trace. 


Opalescent, with a slight 
seaweed (?) smell. 
Very small amount of 
grey and brown ¢edi- 
ment ; alkaline. 


*Note.—Probably — too 
high. Had to be dis- 
tilled twice. 


+04 
0°26 
0°40 


Opalescent, 


When 


1901, 11.30 a.m. 
4°4° C, (40° F.) 
1°1?.C.° (34° BF.) 


6th February 1901. 


Turbid. 

1°31 

0°14 

0:08 

0°64 

1‘5 grms. 3:0 grms. 

zine ; zine ; 
sugar. _ sugar. 
2°43 2°46 


(0°13 in 3°78) (0°13in3°91) | (0°13 in 3°60) (0°13 in 3°64) 


+04 
0°29 
0°43 


0°14 
0°24 


1:28 


0:21 
1:03 
Sweet. 


7°94 


None. ; 


with con- 
siderable flocculent 
greyish sediment. 
Clean smell ; alkaline. 
drawing 
sample, Mr.. Kershaw 
described it as the 
worst effluent on the 
farm. The snow 


(0°05 fall) had stirred 
up silt from the sur- 


face of plots at bottom 
of farm and down air 
vents, thus fouling the 
effluent. 





this | 


Jointed and _ ineubated 
6th February. 


12th February 1901. © 





1°35 
0°10 
0°10 
0°54 


0°25 : 


Strong but not offensive. 


After incubation the 
liquid was clear and al- 
most colourless. Slight 
brown sediment, strong 
smell, but not offensive. 
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BURIED SLUDGE FROM CAMBRIDGE, 1901. 
This sludge was buried 18 inches deep five years ago. A sample of it was 
dug up by Mr. Kershaw, and was received by me on 6th February 1901. Mr. Kershaw 
wrote :—“ It is practically the same now as when dug in.’ 


The nitrogen in it was determined by the Ajeldah/ method. 





—- 15 February. | 29 May. 10-26 June. 
Nitrogen in moist sludge- - —  - | 0:28% 0:47 0-48 baile 
Blanks - - - - - - (0°20 in 8°8) (0°41 in 18°57) (0°41 in 16°44) 
Amounts of sludge taken (grms.) - 41822 4-7797 4:0868 grms. 
Moisture at 100° C. - Aeneas NPS) = 45°51% 34:90% 31:407 
ome Pt 8-427 Volatile 
Solid Matter - - - - | 54°49 {46-079 erent ae eo ee ees 
Nitrogen (calculated on dry sludge) 0°51% 0°727 0°70% 














The sludge thus contained still an appreciable percentage of. nitrogen. 
There were also present considerable quantities of iron and alumina and a large 
amount of lime (magnesia was not tested for). The lime was evidently present 
to a large extent as carbonate, as there was a brisk effervescence on. treatment of 
the sludge with dilute hydrochloric acid. It also contained a distinct amount of 
sulphide. 


When some of the sludge was heated in a subliming tube, strongly alkaline 
vapours were given off (probably pyridine derivatives, from their odour), which 
condensed in the cool part of the tube to an oily liquid. The sludge had an 
earthy smell and was grey outside and black inside (this due, no doubt, to sulphide 
of iron) ; it was of a clayey consistency. 


To test its fermentability, two small portions of the sludge were placed in 
tubes which were then filled with distilled water and inverted over mercury. It 
was something like a couple of months before any gas came off, and very little 
even in three months. The addition of a few drops of settled sewage to another 
portion, treated similarly, had apparently little or no effect. These qualitative 
experiments are quite inconclusive, but they are sufficient to show that if this 
sludge is now fermentable it is only very slowly so. 


The conclusion to be drawn here is that sludge should never be buried in masses, 
but should be thoroughly admixed with the soil in its upper layers. 
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CAMBRIDGE SEWAGE FARM, 1901. 
River Water alone and admixed with Effluent. 


206 


RIVER WATER 


No, OF SAMPLE - - . - 





NATURE OF SAMPLE - - 
ABOVE EFFLUENT 

OUTFALL. 
Drawn - - a eane - - | Thursday 10th Jan- 


uary 1901, 12 noon. 


Temperature of sample - - - 4:4° C, (40° F.) 
- 5'6° C. (42° F.) 


Temperature of air - - - 
If jointed or incubated- 
Analysed - - - - - “| 11th January 1901. 


i 


Parts per 100,000, by weight. 


Ammoniacal Nitrogen: 
(a) by direct Nesslerization - - 


(b) by distillation - = - whe 0:03 
Albuminoid nitrogen - . - - 0:03 
Nitrous a : : - - None 
Nitric ,, - - - - 0°55 
Total nitrogen by Kjeldahl, with re- 0°62 


duction (no correction for nitrite). 


Blank - - - - - - (0°34 in 1°25) 
“X” nitrogen - - - - - 0°01 
Organic nitrogen by Kjeldahl, with 0:04 
reduction. ] 
Organic nitrogen by Kjeldahl, wethout 
reduction : en wee 
Taking ammonia by distillation - 0:06 
Oxygen absorbed from. permanganate 0:03 
at 26°7° C, (80° F.) ; at once. Ak 
rs 4. 5 after four hours 0°53{ notes \ 
Oxygen absorbed from permanganate 0°10 
by sample incubated for five days at 
26'7° C. (80° F.) ; at once. 
3 “A ., after four howrs 0°22 
Smell after incubation - - Sweet. 


Chlorine - - - : . - | Not done; poe 
accidentally 
thrown away. 

Gases ; Parts per 1,000, by volume. ‘ 


Oxygen (by cuprous chloride) : 
(a) When sample was drawn 


6°25 Two 
(b) ” 2 » analysed - 6 ‘25 f observers. 
Remarks - - - - Slightly turbid, 


from a small but 
appreciable 
amount of sedi- 
ment. No smell. 
A great deal of 
lime in solution, 
but only a rather 
small amount of 
sulphate ; no iron, 
or merely a trace. 


206 


SMALL DUPLICATE 
transferred from 


large to small bottle | EFFLUENT OUT- 
as quickly as possible. 


Jointed and incuba- 
ted llth January. 


lst February 1901. 


| 0°56 


Slightly fishy- 
earthy. 

1°60 Two 

1°75f observers. 


Till within a few 
days of Ist Feb- 
ruary this bottle 
was Inside incuba- 
tor and then on the 
top. After incuba- 
tion the water was 
clear and colour- 
less, with a slight 
brownish  floceu- 
lent sediment. 
Slight but  dis- 
tinetly fishy- 
earthy smell. 


209a 


RIVER WATER 
ABOVE 


FALL. 





214a 


RIVER WATER 100 
YARDS BELOW 
EFFLUENT OUT- 
FALL. 





Wednesday16th 
January 1901, 
12 noon. 
2:2°. ©. (36° F.) 
4°4 C, (40° F.) 

Jointed and in- 
cubated 17th 


January. 
8th Feb. 1901. 


0°56 


—-— 


70 
40 
| Fully 
_ £0 


When drawn 
this sample 
was clear and 
the river nor- 
mal. On 8th 
February the 
incubated 
sample was 
clear and 
colourless, 
with a few 
small brown 
specks. Slight 
earthy smell. 


Two 
obser- 
vers. 


Wednesday 23rd | 
Janvary 1901, 
12°30 noon. 
5:9° C. (42°5° F.) 
*"5°6° C. (42° F.) 

Jointed and incuba- | 
ted 24th January. | 


13th February 1901. 


*6:0 
Aboutf Two 
0°5 \ observers. 


After incubation 
this sample was 
colourless, with 
practically no 
sediment. No |} 
smell. 

The incubation has 
eee: ex- | 
hausted the oxy- | 


gen here. 


* 65, 90 yards | 
lower down the | 
stream. ; 
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CAMBRIDGE SEWAGE FARM, 1901. 
River Water alone and admixed with Effluent. 


222 


RIVER WATER ABOVE 
EFFLUENT OUTFALL, 
River normal. 


223 


RIVER WATER 
containing effluent, 
taken 10 yards below 
effluent outfall. 





223 


SMALL DUPLICATE. 





Wednesday, 6th Feb- | Wednesday 6th Feb- 
ruary 1901, 12 noon. ruary 1901, 12.15 noon. 


11° C. (34° F.) 
2:2° C. (36° F.) 


1-1° C. (34° F.) 
22° C. (36° F.) 


7th February 1901. 7th February 1901. 


Turbid. bonds 
0:019 0°19 
0:037 0:03 
None. None. 
0°45 » Spoilt. 
| 1°5 gram. zine ; 3 gram. zinc ; 
sugar. sugar. 
0°63 0°57 0°76 
(0°13 in 1:05 & in 0:96) (0°20 in 1°31) 
0:12 0-06 (2) 
0<16 0:10 (?) 
0°10 None (— 0°06) 
0:08 None. 
0°42 0-20 
0°16 0°33 
0°32 0°43 
Sweet. Sweet. 
2°06 2°84 
7:0 ao 
6°8) 
2 | three ob- 
Not noted on 7th. { ao j saves 


| Colourless, with a very | Colourless but very 


small amount of | slightly turbid.Some 

brownish sediment. | light brown sedi- 

No smell. Alkaline. ment. No smell, 
Alkaline. 


This sample is not quite 
so good as No. 206. 











Jointed and incuba- 
ted 7th February. 


15th February 1901. 


0°13 approx. 


pe 0°51 


Earthy. 


fe Two 
27 ; 
observers. 


After incubation 
this was a colour- 
less clear liquid, 
withasmallamount 
of light brown sedi- 
ment. Earthy 
smell. 
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SuBSOIL WATER. 
Taken at the outcrop of 
the Gault from a 

land drain. 


219 


LARGE DUPLICATE. 


ee er eee 


Wednesday, 30th Jan- 
uary 1901, 11.30 a.m. 
6-7° C. (44° F.) 

222 Gs (365i) 

wa Jointed, and left at 
atmospheric temp., 
3lst January. 


3.st January 1901. 28th March 1901. 








Too small to estimate. 
0:0008 
0:015 





None. | 
0-91 | 0-95 
Sandbath. 
0-99 
(0°13 in 1°56) 
0-06 
0:08 





0°043 approx. 
(rather turbid.) 


Too little to estimate. | 
0°12 
0°03 
0-09 


Slight earthy, 


1°60 





3°5 ce 
2°7-2°8 es ob- 9°4 Tuo 
2 


2°8 rhe 
2-g | Servers. 2-2 \ observers. 


We got two bottles of this. 
One contained much 
more sediment (like 
sand) than the other, 
though not reallymuch. 


Clear and colourless, 
but in this sample 
there was a consider- 
able amount of 
light brown  sedi- 


The clearer samplecon-| ment (more than in 
taining but little sedi-| the sample done on 
ment was analysed,| 31st January). 


keeping the sediment 

- out of the analysis as 
far as possible. 

This wasa beautiful sam- 
ple,clear and colourless. 
No smell. Much lime in 
solution; a considerable 
amount of sulphate ; no 
appreciable iron. 


Presumably the 
clear supernatant 
water was again 
analysed here. 
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Diagram N° 73. 


CAMBRIDGE SEWAGE FaRM. 
SEWAGES, CURVES. 


Noture of Sewage 
Ser = Screened 


S&S = Screened & Settled 












i DANUARY 1201 FEBRUARY; 1902. 
ANGE SAM LES. HOME LAS AMC Les ES 

No | 201 205° 213 215 217° 475 476 A77 
r SaS SaS S&S S&S SxS S&S Sx 


REFERENCE 
Parts per 100.000, by Weight. 


Albuminota Nitrogen... .... Shewn thus 





Orgarac Nitrogen hy Kyeldaht, 
with Reductton,.._.__- 












Ammoniacal Nitrogem. .-.--------------- eee 


Lotal Nitrogen by Kjeldaht, 
WON LC ONAAL ON a ee 


‘Qoeygen absorbed’ from Permanganate 
at: 26°7'C(80 EF) ww four hours._--.---. ——— 














Gloria Combired | a ee ee 








Solids wvSuspension (Gravimetrically) 
(Scale divided: by 10). -.------ 





CELI OSE ee 


wets ctr eee 












Cellulose (still containing fat))...-:---- 


rarer ime an pa 





eS es Bae 
|_L— 


eS 
— 
mt 


Parts per 100.000, by Volume. 
Solids w Suspenston (by Centrifuge) ——— 
(Scale divided by 10) 












Note 
Figures tn the Vertical line represent 
Parts per 100.000. 


CJ 
rs 


Ne 


| 
ie R 


\ 





N 


f 41 
via 
= 





S 


{Ze figures uvtheHortzontal line represent 
201 2058213 215 217 475 476 477 the numbers of the Samples analysed. 


A dotted line ts used when there ts a 
break we the curve. 





Ede 


3332.8, 02. . ‘“Weller& Graham. Ld Litho,London. 





Diagram IN? 14. 





CAMBRIDGE SEWAGE FARM. 


EFFLUENTS. CURVES. 

i, Be JANUARY AND FEBRUARY, 1804, 
No [oy VE BRP eee Se 
{NG ‘202 203 204 205 205° 207 208 209 210 2042 212 214 24%216 218 220 221 





















































f) 


ab 


i 
214 214 









203 204 205 208° 207 208 209 210 2i0” 2i\- 


Note 


Figures in the Vertical line represent 
‘Parts per 100.000.” 


Figures in the Horixontal line represent 
the taombers of the Samples analysed, 


A dotted line is used when there ts w 
break tn the curve - 










| 
216 218 220 22t. 


REFERENCE 


Smell of Samples when drawn Shewry his he som 
Scadders Incabution Test----------- +— 


Ineabation test as judged by Smelly “= 


Parts per 1000, by Volume CL.per-Litre) 


O Pissoled Oxygen when sample was drawn Shewn this .—— 


Dissolwed Oxygen when samplewas analysed 


Dissolved Oxygen tr Guplicate sangle _.. 
atier tnoeubation’. 





Parts per 100.000, by Weight, 


Ammoniacal Nitroger. _....-. hewn tis —————— 
Total Nitrogen by Kjeldahl, 
with Heduetion. .-----.-----+-------.- ——— 


Nitric + Nitrous Nitrogen (together)... ——— 


‘Qoygen absorbed! from Permanganate 


at 26°7 C(SOK) tn four hours..-..--- ean 


Parts per 100.000, ty Weight. 


Albuminotd Nitrogen....-...Shewn thus 
Organic Nitrogen by Hyeldahl, 
7 eS oy ee 
Organic Nitrogen by Hjeldahl, 
without Reduction, ...-----. ------.--- paces. 
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Dragrem N? 16. 


CAMBRIDGE SEWAGE Farm. 
RIVER WATER. 
CURVES. , Note 
Above” indicates a sample taken aboveFfttluent Outhill, 


JANUARY & FEBRUARY, 1901. BOLO op, 21g, ee MEOW. a A ieee 


“206 2 206 209 222 as 223 223 


Incub4 incub4 Incub4 incub? 
Above Above Above Below Beluw REFERENCE 


Scudder’ Ireabation Test...-.-.-.-_- + — 


Incubation test as Judged by Smell hom 











Note 


Gnechaled Indicates a sample jointed and 
allowed to stand for five days or longer atw 
temperature of £6.7°C (80°F) 














Parts per 1000, by Volume( C.C.perLitre) 
Dissowed Oxygen: wher sample was drawn Shewn thus 





<a 


Dissolved Oxygen when sample was analysed -——_—_ 
































Parts per 100.000, by Weight. 





Total Nitroger by Kjeldaht, 
WiC OAM CLLOT Shen this: 





Nitric + Nitrous Nitrogen (together). ——- 





“Oxygen absorbed from Permanganate 
at 26°7°C(80F) tv four hours. --.---- 


























CADRE h LOTITO ae ee en 
Albuminotd, Nitrogen._____.. Shewn thus ee 

Or ganic Nitrogen by Kjeldahl, 
AWVELDICOCCALCLLOTU ee eae: 

N@ 206 206 209% 272 2144 223 223 | 
Incub? Incub® Incub? Incub’ Organic Nitrogen by Kjeldahl, 
WU OWL HOAUCAILON, <nwdan tak ees ipecatenasoacke 
Not 
Figures ur the Fetecal, lene represent 
3532.8.02 “Parts Par 100. 000° Weller &Graham: Ltd Litho. London. 


Fégures tr the Horizontal line represent 
the numbers d the Samples aratyseh. 

A dotted line ts ased when there ts a 
break iwrthe curve. 
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CROYDON (BEDDINGTON) SEWAGE FARM. 


CHEMICAL REPORT. 


. Situation of farm—Beddington, about three miles from Croydon. 
. Total acreage of farm—673°5. 

. Total irrigable area—420 acres. 

Average area irrigated at one time—70 acres. 

. Population draining to farm—100,000. 

. Population per acre irrigated—238. 

. Gallons of sewage per head per day—40 gallons. 

. Dry weather flow of sewage per 24 hours-—4,000,000 gallons. 


. Gallons of sewage treated per acre per 24 hours—57,100 gallons. 


Gallons of sewage treated per acre per 24 hours, on the assumption that each acre 
of the irrigable area is under sewage all the time—9,500. 


Character of the sewage—Almost purely domestic. 


Method of treatment-—(a) Croydon: Screening, surface irrigation and a little 
filtration. (6) Norbury: As above, but slight settlement in tanks in addition. 


General character of the soil and subsoil—Gravelly loam overlying gravel and 
sand. 


Separate or combined sewerage system—Partially separate. 


. The final effluent is discharged into—River Wandle. 


Number of years farm in operation (before 1900)—39 years. 


CROYDON (BEDDINGTON) SEWAGE FARM. 





BeppincTon Farm is of particular interest, both because of its having been 
sewaged for the last forty years, and also from having been under observation in 
1868-9 by the Rivers Pollution Commission for fully a year (Vol. L, First Report, 
pp. 87-89). On nearly every occasion when samples of effluent were drawn at that 


time, they were found to be of excellent quality. 


The area actually irrigated at Beddington is 420 acres, of which about one-sixth 
is under sewage at a time, the sewage being run on for 24 hours continuously. (It 
will be noted that this ratio is small as compared with that at some of the other 
farms.) The whole of the irrigable area is under grass or crop at one time or another 


in the course of the year. 


Mr. Kershaw states in his report* that only about 100 acres of the farm are 
underdrained, 7.e.. less than a quarter of the whole, and that the distances between 
the drains are usually great. In depth the drains vary from 4ft. to 9ft. (average 
about 6ft.). Although, therefore, the soil is of an open, porous nature, the farm may 
be taken in the main as a good example of a surface irrigation farm, though here 
again the effluents are to some extent filtration effluents also. The sewage, which 
is previously screened, and partly settled to a small extent only, passes over three— 
and sometimes even four—separate plots of ground. The: whole of the storm water 
is treated on the farm, and all the screenings, together with what settled sludge there 
is, are dug into the soil (cf Engineering Report). Mr. Kershaw says that there is 


not much subsoil water on the farm. 


* Part IV. Engineering and Practical Report. 


OT —————— 


Soil and Subsoil. 


To quote from the Engineering Report :— 
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“The surface soil consists in most 


parts of from 12in. to 18in. of soil, varying from loam interspersed with gravel to a 


somewhat lighter soil. 
depth from 6ft. to 12ft. 
parts.” 


The subsoil varies, but it is chiefly gravel and sand of a 
Iron pan (which is more or less impervious) occurs in 


‘The mechanical composition, etc., of these is given in the following table :— 








NAME OF FRACTION. 


Gravel and stones (say, above 8 m.m. dia- 
meter in the soil, and 30 m.m. to 8 m.m. 
in the subsoil) - - - - - 


Fine « gravel” (above 2°0 m.m. diameter) 
Pearce "ceng {10mm ., ) 
Oiereew same (r, (0'D mm.) 5, |) 
Medium*‘‘sand”(),, 025mm. ,,) ) 


“Sand” (0:25 to 0°05 mm.) —- ‘ 4 
“Silt.” (0°05 to 0-01 m.m.) - - A . 


“Dust” (0°01 m.m. and below, which settles 
from water in 24 hours) - = : i 


“Clay” (ie., the still finer residue precipi- 
tated from water by dilute nitric acid) - 


Loss on ignition (separate determination) - | 


Real specific gravity of soil dried at 110° C. 
Apparent specific gravity - -  - 


Number of particles in 1 gramme of the 
ignited soil or subsoil (approx.) —- . 


Number of particles in 1 ¢.c. of the Rg 
soil or subsoil (approx.) - - 


Weight of water retained by 100 Saris 
of the soil when fully drained - - 


Parts per 100,000. 


Lime dissolved by water in 24 hours - - 


Lime dissolved by water, saturated with | 


carbonic acid, in 48 hours - - - 





Surface Soil per cent. 





Subsoil per cent. 


zs ———— 


ee 





Note des. 
Ignited. | woh 
22°67 | 22°67 
11°34 10:97 

0-88 0°80 

063 | 0°59 

1:75 1:70 
40716 | 39:14 
14°32 12°53 

6°88 5°56 

0-71 0°57 

5°46 

99°34 | 109-09 

2°512 

1-414 
368,297,690 
520,775,170 
39°5 

0029 

0°215 











| Difference. 


0°37 
0:08 
0°04 
0°05 
1:02 
ta §) 


1°32 


0°14 


4:8] 


| 


Not 
Ignited. 


0:25 





100°33 


2490 
1:843 
160,510,970 
| 


| 
295,828,280 


10 6 


0-026 


0:268 


Igmted. | 





Difference. 











For a discussion of the figures given in this table, the reader is referred to the 


Section upon Soils, page 275. 


* This subsoil gave very little loss on ignition ; 


assumed to be the same as the unignited. 


so, for purposes of calculation, the ignited values are 
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Volume treated per acre, etc, 


The Beddington sewage contains only about 2 per cent. of laundry, brewery and 
butchers’ refuse, and may therefore be taken as domestic sewage. The average dry 
weather flow is 4,000,000 gallons per 24 hours for a population of 100,000, which 
gives 40 gallons per head of population, and 238 persons per acre irrigated. The 
water supply being about 28 gallons per head, the remaining 12 gallons must come 
from subsoil water entering the sewers, well water, and some brewery refuse, or :— 


Sewage - - - - - - 70 per cent. 
Subsoil water, etc. - - : - 30 * 


The average area irrigated at one time is about 70 acres, hence each acre 
treats 57,000 gallons in 24 hours. But, making our usual assumption for purposes of 
comparison that the whole irrigable area is under sewage continuously, then one acre at 
Beddington treats 9,500 gallons per 24 hours all the year round. In times of storm this 
volume is, of course, greatly increased (cf. Engineering Report). Apart fiom storm 
water, a medium amount of organic matter is treated per acre. 


Four visits were paid to Beddington, viz., in February and October, 1900; 
October, 1901 ; and January, 1902. 


Nature of Sewage (Diagram No. 17). 


As already stated, this is practically all domestic. The whole of it is screened, 
and—in addition—one quarter of it passes through small settling tanks, in which, 
however, the settlement is very inadequate. It arrives at the farm well broken up, 
as a rule. 


Fourteen samples in all were analysed, viz., seven chance samples, and seven sets 
of hourly samples drawn in equal quantities every hour of the twenty-four. The 
chance samples were taken in February and October, 1900, and the hourly ones in 
January, 1902. 


While the hourly samples will be mainly relied upon for any approximate 
calculations, it must not be forgotten that they will represent a distinctly weaker 
sewage than a true average taken according to rate of flow. Some rain fell on two of 
the days on which they were drawn, but probably not enough to materially affect the 
composition of the two samples in question (Nos. 443 and 446); if in one respect 


these were weakened, they would contain more than their normal share of suspended —__ 


solids, washed out of the sewers. 


Taken all over, the chance samples were the stronger, which is not surprising, as 


they were all drawn between 11 and 12.15 in the forenoon, when the Beddington 


sewage is probably at about its strongest. Nos. 149 and 152 were screened and 


settled, the others screened only. They were very uneven in composition. The 


hourly samples (screened), on the other hand, were tolerably uniform, excepting as — 


regards suspended solids and “oxygen absorbed,” this evidently arising in part 
from the rainfall already referred to. | 


Of the chance samples, the first five contained either a moderate or a large 
amount of suspended solids (as judged by appearance), the last two (161 and 164a) 
but little. All that were tested were alkaline in reaction, and all had a “sewage” 
smell, though in Nos. 149 and 152 it was conjoined with a smell of peppermint. In 
the hourly samples the suspended matter varied appreciably, being only moderate 
in quantity on the whole, the reaction was alkaline, and the smell—which varied 
much in character (see notes to figures of analysis)—not by any means very 


pronounced. ; 


As regards temperature, the chance samples varied between 9°4 deg. and 


155 deg. C. (49 deg. and 60 deg. F.), the two drawn in February being lower by 
5 deg. or 6 deg. C. than those drawn in October. : 


——— —_ 
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The following is a summary of the more important analytical results :— 


Total Nitrogen—(a) 7 chance samples (6°82 to 13°42) - : 
(b) 7 sets of hourly samples (6°42 to 7°59) - : : ‘ 


Ammoniacal Nitrogen—(a) 6 chance samples (4°15 to 9°71) - - 
(6) 7 sets of hourly samples (418 to5‘11) - - -— - 
Total Organic Nitrogen—(a) 5 chance samples* (2:03 to 4:06) — - 
(6) 7 sets of hourly samples (1°31 to 2°88) - : - ; 
Albuminoid Nitrogen—(a) 6 chance samples (0°99 to 2°36) - - 
(>) 7 sets of hourly samples (0°59 to 11z)_ - . : 2 

“ Oxygen absorbed” at 26°79 C. (80° F.) in 4 hours—(a) 7 chance 
samples (7°91 to 18°73) - : E ; : } § iL 
(b) 7 sets of hourly samples (7°85 to 17°45) - : : : 
Chlorine—(a) 6 chance samples (5°70 to 10°50) - - - : 
(0) 7 sets of hourly samples (7°86 to 9°22) - - : 3 
Chlorine in Water Supply — - . ' é ‘ . : 


Ratio of Ammoniacal Nitrogen to Chlorine—7 sets of hourly 
samples (1: 1°76 to 1: 2:00) - - - - : - 
Ratio of Ammoniacal Nitrogen to Chlorine, after deducting the 
Chlorine of the Water Supply—7 sets of hourly samples 
(1:1°47 to1:171) - - : - - - : - 


Solids in Suspension—7 sets of hourly samples (21:2 to 53:0) - 


Solids in Suspension by Centrifuge (Volumes)—7 sets of hourly 
samples (173 to 356) - - : : : . é : 





MS Kora 

1:55 

Tt: B2) 
Ratios of Solids in Suspension to Centrifuge Solids - 1 5 Aah, it 

11 :4°9) 

WwaS22 

yh Sihy 


Cellulose still containing fat, 7 sets of hourly samples (one 
extraction with dilute alkali and one with dilute acid) 
(3°92 to 12°80) - - “ - . ‘ 4 


: 4°71 
Any 
: 4:0 
758 - 
; 62 
54 
:3°6 


Ratios of Cellulose still containing fat to Suspended 
Solids in 7 sets of hourly samples - - - 


peek ek eek fk pk ek ed 


Average. 
— 9°50 
7-18 
734 
4°50 
3°37 
2°07 
1°72 
0-91 
13°70 
12°48 
8:15 
8°34 
13 


1:1°86 


1:1°56 
b4°5 


218. 


747 


1:48 


The estimations of cellulose proper, by extracting the above with ether, were not made in this case. 


The analytical figures and curves thus show very great variations between the in- 
dividual chance sampies, but comparative evenness in the hourly ones, excepting as re- 
yards suspended solids and ‘“‘ oxygen absorbed.” In every case in the chance samples 
the high “oxygen absorbed” figure goes along with what were evidently large 
quantities of suspended solids; but this by no means follows in the hourly samples. 
These variations and inequalities are no doubt mainly due to the fact that the whole of 
the storm water is treated at Beddingtcn, and that there is but little preliminary set- 
tlement of the sewage. 


The total nitrogen in the chance samples averages 9°50, and in the hourly ones 
718; the organic nitrogen (in 5 chance samples) averages 3°37, and in the hourly 








*Omitting No. 40 
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samples 2:07 ; the respective figures for “oxygen absorbed” in the 7 chance and 7 
hourly samples are 13°70 and 12°48 ; and the suspended solids in the hourly samples 
average 34:5. The sewage may thus be classed asa moderately strong one. 


Excepting in Sample No. 40 (which probably contained nitrate, and should have 
been tested for this), the four curves for albuminoid nitrogen, total organic nitrogen, 
ammoniacal nitrogen and total nitrogen follow one another with fair regularity. The 
total nitrogen, both in the chance and hourly samples, is approximately three times 
the organic nitrogen, and the organic is fully twice the albuminoid. 


As only two estimations of organic nitrogen were made by the method of 
Kjeldahl without reduction, no comparison can be drawn here between it and the other 


method. 


The Average Ratio between Albuminoid Nitrogen and “ Oxygen absorbed” in the 
six chance samples is 1 :8°9, and in the seven sets of hourly samples 1:13°7; but in 
the chance samples the ratio is a very uneven one, and in the hourly it is also | 
uneven. 


The ratio between the figures for organic nitrogen and “ oxygen absorbed” in the 
five chance samples is 1 :4'1; in the seven sets of hourly samples, on the other hand, 
it is 1:6°0. Why there should be such a difference between these ratios here it — 
would be difficult to say, unless we refer it again to the storm water. If we take the 
two together, the ratio is 1:5°2, which agrees approximately with that for other 
domestic sewages, though tending to be high. 


In five out of the seven sets of hourly samples there were appreciable or large 
quantities of nitrate present, a proof of the infiltration of subsoil water into the 
sewers. The chance samples were, unfortunately, not tested for nitrate. Judging 
from analogy, it was probably present in some of them, in which case the figures 
civen for the “x” nitrogen and organic nitrogen in those sewages will be higher than 
the reality. 


In these sewages, both chance and hourly samples, the ‘ oaygen absorbed” 
curve stands practically by itself. It bears no relation to any of the other curves, 
excepting to the curve for cellulose still containing fat (omitting sample No. 445). 


The chlorine curve in the chance samples is irregular, and no connection can be 
traced between it and any of the others. In the hourly samples it follows very fairly 
the curves for. total and for ammoniacal nitrogen. In the case of average samples 
of the Beddington sewage, therefore, the chlorine gives a good indication of the 
(nitrogenous) strength ; but storm water would be bound to disturb this. 


No estimations of suspended solids were made in the chance samples, but—judging 
from their appearance—large quantities were present in some of them. The varia- 
tions in suspended solids in the hourly samples have been already referred to. 


In the hourly samples the differences in the ratios between the suspended solids — 
estimated (uw) gravimetrically and (>) volumetrically by the centrifuge are too great for 
this ratio figure to be of much use, the extremes being 1:48 and 1:82. Nor can I- 
offer any suggestion, other than the reference to storm water and to non-settlement, 
as to why tiis should have been so. Before, therefore, the centrifuge could be used 
as ah approximate test for the suspended solids in the Beddington sewage, further 
estimations would have to be made. 












Unfortunately, no estimations of true cellulose were done here—only of cellulose 
still containing fat, as obtained by one treatment of the sewage with dilute alkali and 
one with dilute acid; and here again the ratios are not uniform (limits 1:3°6 and 
1: 6:2), the average being 1 : 4'8. 


First Field Efftuents.* (Diagram No. 18.) 


Only three first field effluents, drawn in February and October, 1900, were 
examined. The first of them, No. 37, was practically a sewage ; when it was drawn the: 
field was partially ice-bound and covered with snow. The temperature of this effluent | 
was only 11 deg. ©. (34 deg. F.). The next sample, No. 41, was of wonderfully 
good quality for a first field irrigation effluent (off rye-grass), and it kept sweet upon 
incubation because of its comparatively large reserve of nitrate (it may possibly have 








* Mr. Kershaw says that nearly all of the first, second, and third field effluents are surfuce effluents. 
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extracted some which had been storing up in the ground during a short rest, but at 
the same time it is noteworthy that the ammoniacal nitrogen in this sample, relatively 
to the total nitrogen, was low). The temperature of this sample, drawn only a 
week after No. 37, was 8°3 deg. C. (47 deg. F.)—a striking instance of the variation 
in temperature upon a surface irrigation farm. 


The third sample, No. 150, was drawn in October, 1900, and had a temperature 
of 10°6 deg. C. (57 deg. F.). It was considerably purified, but, of course, not good. 


It will be seen that all the curves of these effluents, excepting, of course, the 
nitrate curve, are of the same type, though not proportionate to one another. 


In Nos. 37 and 41 the determination of organic nitrogen by Kjeldahl (a) with 
reduction and (b) without reduction agreed very well; in No. 150 only the former 
method was employed. 


Second Field Efluents. (Diagram No. 18.) 


five second field effluents were analysed, two of them in double duplicate, after 
jointing and incubation. Of these, Nos. 88 and 42 were drawn in February, 1900, 
and their temperatures were 44 deg, and 7-7 deg. C. (40 deg. and 46 deg. F.). 
Nos. 151, 153 and 156 were drawn in October of the same year, and varied in 
temperature between 10 deg. and 15 deg. C. (50 deg. and 59 deg. F.). 


These effluents were either opalescent or nearly clear, and, excepting No. 38, in 
which a good deal of bluish-grey flocculent matter was present, they contained very little 
suspended solid of any kind ; in this respect, therefore, the surface purification over 
two fields had been very efficient. Excepting possibly No. 153 (which was doubtful), 
they all had a clean smell when analysed, though this was masked by peppermint in 
No. 151; and those tested were alkaline, and contained much lime and a good deal of 


sulphate in solution. 


Nos. 38 and 42, neither of which (especially No. 38, drawn when the field was 
partially ice-bound and covered with snow) was good as respected dissolved organic 
matter, kept on incubation ; but this was due to their containing between one and two 
parts of nitric nitrogen (cf. remarks on first field effluent, No. 41, above). The 
others contained no nitrate, or practically none, and became putrid upon incu- 


bation. 


Nos. 42 and 156 were well aerated when they came to be analysed, but there 
was no dissolved oxygen in the others. No. 153 contained only 1 ¢.c. per litre when 
drawn, which, for a surface irrigation effluent, showed that oxidation was proceeding 
rapidly at the time. Mr. Kershaw states in his Notes, however, that this land had 
had barely three days’ rest since the previous sewaging. 


The figures for albuminoid and for total organic nitrogen were high for 
effluents, those for “ oxygen absorbed” relatively less. The curves for chlorine, total 
nitrogen, ammoniacal nitrogen and albuminoid nitrogen follow one another closely 
(excepting in No. 42), but the ‘oxygen absorbed” curve does not bear much 


resemblance to these. 


In two out of four determinations the figures for total organic nitrogen obtained 
by Kjeldahl (a) with reduction and (0) without reduction agreed, but in the other two 


they did not. 


Without going into further detail regarding these few samples, it is evident from 
the above results that irrigation over two fields, with the quantity of sewage treated 
at Beddington, is insufficient for purification. It may, however, be noted that the 
relative purification effected in the comparative* samples, Nos. 37 and 38, 150 and 

151, appeared to be pretty equal, as will be seen by a glance at the curves. 





* Those samples were drawn as comparative, but to get really comparative (ehance) samples on a farm 
ig an almost impossible tas*. 
6225. N 
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Third Field: Final.and General Effuents. (Diagram No. 19.) 


Of the final effluents two—Nos. 153 and 156—were over two fields only; they 
have, therefore, been included in the curves of the second field effluents, as well as 
in those of the final effluents. 


Sizteen samples were examined, nine of them in duplicate after jointing or incu- 
bation. Five of the sixteen, viz., Nos. 44, 869, 376, 380 and 384, were general 
effluents, the others being final effluents from definite plots of ground. They may be 
taken as being nearly all surface effluents. They were drawn in February, 1900; 
October, 1900; and October, 1901, : 


The temperatures of those samples varied between 1:1 deg. and:16°6 deg. C. (34 
deg. and 62 deg. F.)—a sufficient indication of their being surface effluents. At the 
same time, if we leave out Nos. 39, 894 and 43, drawn in February, 1900 (whose 
temperatures were 2°2 deg., 1:1 deg., and 7:2 deg. C.), the variations in temperature 
among the other thirteen were only from 10 deg. to 16°6 deg. C. (50 deg. to 62 deg. 
I.) ; of course, they were all drawn in the month of October, either in 1900 or 1901. 





The following figures show some of the more important average analytical 
results from the examination of 15 to 16 effluents, details being given in the annexed 
Tables of Analysis and Curves :— 


Average. — 
Total Nitrogen (1°02 to 3°49) - - - - - 2°20 
Ammoniacal Nitrogen (0°23 to 3°10) - - - - 1:48 
Albuminoid Nitrogen (0:06 to 0°23) - - - . 0-14 
Total Organic Nitrogen (0:09 to 0°55) - : - 0:26 
Nitric + Nitrous Nitrogen together (0°03 to 1:43) —- 0:37 
“Oxygen absorbed” from permanganate at 26°7°C.| 141 
(80° F.) zm 4 hours (0°90 to 2°09) -) 
Incubator Test (as judged by smell) - - - 73°/, passed. 


(15 samples tested). 


These effluents varied a good deal in appearance, some of them being clear and 
almost colourless, and to all appearance excellent effluents ; others of a yellowish to 
brownish tint, with but a very small amount of suspended solid of one kind or 
another ; while in others the liquid was turbid, with very considerable quantities of 
suspended solids. 'Three-fourths of them may, however, be taken as very free from 
matter in suspension. Nos. 39a and 44, for instance, belong to the category of 
turbid samples; they were drawn during rain—.e., contained much storm water. No. 
380, also turbid, showed no precipitated sediment, but a large quantity came down 
in the centrifuge. This last sample was not drawn during rain, but was insufficiently 
purified. 


Those few notes with regard to the appearance of the Beddington final and general 
effluents are, I think, sufficient in themselves to indicate the difficulty of treating 
largely fluctuating volumes of liquid (sewage plus storm water) by surface irrigation. 


Three-fourths of the effluents had a good clean smell when they came to be 
analysed, but No. 153 (a bad sample) had a faint sewage (?) smell, No. 380 (also bad) 
a fishy smell, and Nos. 39 and 44 (fair) a fishy-earthy smell, All that were tried for 
reaction were alkaline, and the three tested qualitatively showed much lime and a 
good deal of sulphate in solution. 


The analytical tables’ and curves show that the effluents varied appreciably in 
quality, the few samples drawn in February being rather stronger than those drawn 
in October. 


The dissolved oxygen present when the samples came to be analysed varied very 
much, but half of the effluents were then well aerated, 2.e., contained from 4 c.c. 
upwards of dissolved ,oxygen per litre—a point in their favour. (Properly purified 
surface irrigation efifuents ought, of course, to be well aerated at the time of © 
drawing). 
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The free carbonic acid in the six samples boiled out varied between 21°05 c.c. 
per litre in. No. 43, and 38°56 c.c. in No. 155, 7.¢., the quantities were not very large, 
as was to be expected in surface effluents. No. 155 was what might be called a 
“border line” effluent, and Mr. Kershaw has noted that it may have been affected 
injuriously by the lifting of a sluice gate. 


In seven out of the eight cases tested, the smell of the effluents when drawn 
was an indication of their keeping property. 


The ammoniacal nitrogen in fifteen effluents varied between 0:23 and 3 ‘10, which 
are very wide limits, the average being 1:48; this is equal to about two-thirds of the 
total nitrogen. 


The albuminoid nitrogen in fifteen effluents varied between 0°06 and 0:23 parts 
per 100,000, the average being 0°14. 


With regard to ‘owygen absorbed,” this varied in fifteen effluents between 0°90 
and 2:09, average 1°41. 


Incubation. Mr. Scudder’s incubator test was rather more stringent than the 
incubation test as judged by smell, but on the whole they agreed very fairly ; that is. 
to say, there was agreement in nine cases out of fifteen, and almost agreement in three 
of the remaining six”, 


The incubation smell test condemned four out of fifteen, and of the remaining ' 
eleven two are classed as doubtful. 


~ The total nitrogen in sixteen effluents varied very considerably—v.c., between 102 
and 3°49. The average was 2:20. 


The total organic nitrogen was small, varying as it did in sixteen effluents: hetween 
0°09 and 0°55, with an average of 0°26—1.e., it was almost double the albuminoid nitrogen. 
The two saniples showing the largest quantities of organic nitrogen, No. 39a and 380, 
were both turbid ones! Comparing the results of the incubation test: as judged: by . 
smell with those rather small figures for organic nitrogen, one is obliged to conclude 
that the organic matter which is left m some of the Beddington effluents is sues 
of a somewhat putrescible nature. 


In nine of the effluents comparative estimations of organic nitrogen were made 
by the two Kjeldahl methods—i.c.; with and without reduction. In. six of these 
there was good agreement, and in three disagreement. In one of these three cases, 
No. 43, the figure given by the method without reduction was obviously the more 
correct ; while in the other two, Nos. 1554 and 160, the method with reduction was 
preferable. 


Two of the effluents (Nos. 153 and 380, both bad samples) contained no nitrite 
mitrogen When analysed ; thirteen contained from 0:02 to 0-05 parts, and in No. 44 
there was 0:07 part per 100,000. In only one case, therefore, was the quantity at all 
appreciable. 


The niric (including nitrous) nitrogen varied between 0°03 and 1°43, and only 
exceeded one part per 100;000 in one sample (No. 43, not really a good sample), 
while in four others (Nos. 153, 155, 160 and 380) it was nil, or practically ni/. The 
average for fifteen effluents is only 0°37—a very low figure as compared with that 
for the total nitrogen. Further, in respect of degree of nitration, there is no 
appreciable difference between the general final effluents on the one hand and the 
special final effluents on the other. Still, although the absolute amount of nitrate 
was so small, it was not reduced to any extent upon jointing or incubating the six 
samples, Nos. 44, 157, 159, 369, 376 and 384. Of these six, four were general 
efiluents, which thus show to some advantage over the others. The other three 
samples et (Nos. 158, 155 and 380) had no nitrate to lose. 





* It was Ae in the last four samples shown on the curves that the amount of Nitrite after incubation 
was noted. It is therefore assumed generally that it did not exceed the Nitrite present before incubation. 
Further, Sample No. 159 is taken as good by Mr. Scudder’s test. 
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The ratio of oxidised to unoxidised nitrogen (taking the unoxidised=1) varies in 
fifteen effluents between 0°01 : 1 and 2:2:1: but the next highest ratio is only 13:1. 
There are discrepancies in these results when a comparison is made between the 
ratio figures on the one hand and Mr. Scudder’s incubation test, or the incubation 
test as judged by smell, on the other (¢.g., in the case of Nos. 43 and 159). Hence it 
would hardly be safe to attempt to draw any conclusion here. Probably the ratio 
required for safety would be a medium one. 


The ratio of oxidised to albuminord nitrogen (taking the albuminoid=1) varies 
between 0°33 and 11:7. Here again no real conclusion can be drawn, but probably 
a ratio of 3:1 would ensure safety against putrescence. 


The chlorine curve is—relatively speaking—pretty even, showing again the 
equalisation of the liquid in its passage over and through the soil. 


The “oaxygen absorbed” curve did not vary a great deal, and it will be observed 
that in these effluents there was a very marked agreement between it and the curve 
for albuminoid nitrogen. 


The average ratio of organic nitrogen to “ oxygen absorbed” from permanganate in 
4 hours, after allowing for the nitrite present, is, in fourteen effluents, 1: 5°9. Or, if 
we omit Nos. 1554 and 157, in which the ratios were abnormally high, viz., 1: 9°9 
and 1: 10°3, the average ratio for twelve effluents is 1: 5:1 (the extremes being 1: 3°6 
and 1:66). This latter figure(1 : 5°1) is probably the more correct one. 


The average ratio of albuminoid nitrogen to “ oxygen absorbed,” after allowing for 
nitrite, is, in fourteen effluents, 1: 10-1. The figures for this average are remarkably 
even. Thus, if we leave out Nos. 154, 157, 160and 169, whose ratios are respectively 
1:124,1:15°5, 1:7°8 and 1: 12°3, the ratios for the remaining ten effluents only 
vary between 1: 8°3 and 1: 10°5, the average for the ten being 1: 9°3. 


If we now revert for a moment to the following Table, which shows some of 
the results of jointing or incubation upon the nine samples, Nos. 44, 153, 155, 157, 
159, 369, 376, 380 and 384, we find that Nos. 153, 376 and 380 were three (of 
the four out of a total of fifteen) that went bad upon incubation, but that in none of 
the other six cases was there any very appreciable decrease in nitrate or increase in 
ammonia (this last observation was only made in Nos. 44, 155 and 159). Speaking 
broadly, therefore, these six effluents required nothing further to preserve them 
from putrefaction than the dissolved oxygen” that they already contained—in most 
cases not very much—and this, of course, ranks them as good. 








* Some of the readings for dissolved oxygen must have been too high (see Tables of Analysis). 
+ No. 155, which has been already referred to, is an instance of an effluent just on the border line of 
safety ; it is rather surprising that it should have kept, or nearly kept, upon incubation. 
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In conclusion.—Since the surface soil at Beddington is about 15 inches deep and is, 
moreover, of very good quality for sewage purification, we are to some extent dealing 
here with a shallow filtration farm. The relative number of particles in unit weight. 
of ignited soil is 46, taking the number at Nottingham as 100, while in unit volume, 


it is 44; the Beddington soil is thus of a more open texture. But with our present. 


data it is impossible to say how much of the purification effected at Beddington is 
due to filtration through the top soil and how much to surface irrigation pure and 


simple. The sewage is practically a domestic one of moderate strength—probably of 


about average strength. The volume of sewage treated per acre—exclusive of storm 
water—was very large for a (mainly) surface irrigation farm, being only a little less 
than at Nottingham and a little more than at Rugby and Aldershot Camp, but the 
aggregate organic matter treated per acre was less than at Rugby (compare Diagrams 
3 and 4). The analytical results of the final and general effluents show that the 
Beddington farm, used for surface irrigation under the conditions detailed in the 
Engineering Report, is capable of producing a high-class effluent, chemically speaking, 
and does so sometimes but not always. Hence one must infer that the land was. 
rather overdosed with sewage at the time the observations were made*., The irregu- 
larity caused by the intermittent flushes of storm water sewage in varying quantity no 
doubt adds much to the difficulty of treatment. 


Final and General Effluents. 


Percentage Purtfication, as calculated on the Albuminoid Nitrogen and “ Oxygen 
absorbed” in four hours. 


(1) Albuminoid Nitrogen. Average. 
6 chance samples of sewage, screened, and to a small 
extent settled, yielded - = - - 0:99 to 2°36 - 1°72 
7 sets of hourly samples - - - - 0°59 to 1:12 - 091 
15 final and general effluents - 5 0:06 to 0°23 - (0°14 
Percentage Purification :— 
(a) Calculated on the chance samples of sewage ~~ = ~~ 92:1 per cent. 
(0) .; ‘ hourly i - 34:6 ae 


‘The true percentage probably lies between those two figures. 
(2) Oxygen Absorbed. 


7 chance samples of sewage yielded - 791 tod a7 7 13°70 
7 sets of hourly samples - - - 7°85 to 17°45 - 12°48 
15 final and general effluents - - - 0:90 to 2°09 - ea | 
Percentage Purification :— 
(a) Calculated on the chance samples of sewage 89°7 per cent. 
(0) it 4, hourly i 4 - BO Ti ae 
Comparison of the total nitrogen in the sewage with that in the final and general effluents. 
Average. 
The average total nitrogen in seven sets of hourly samples of 
sewage was 642 to 759 - - - - Al - 718 
The average total nitrogen in 16 final and general effluents was 
1°02 to 3°49 - - - - - - - - - 2°20 


If we disregard farm subsoil water on the one hand and evaporation on the 
other, these figures indicate roughly that something like 30 per cent. of the original 
nitrogen of the Beddington screened sewage finds its way into the brook; but this 
is almost certainly an over-estimate of the loss, because (1) The hourly sewage 
sainples were probably somewhat weaker than the true average, (2) there is but little 
subsoil water, and (3) thére must have been considerable evaporation from the rye- 
grass in the month of October. 

; ie Since then some bacterial filters have been erected, with a view to lightening the work laid upon the 
and. 





OO 
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Experiment to see how much sewage a given area of land would stand. 
(Diagrams Nos. 20 and 21.) 


J At Beddington, as:at) South Norwood and: Leicester. an experiment was made 

between October’ 23rd and November: 10th, 1900, in order to see how long ths 
purifying power of the: soil would hold out under a daily increasing dose of sewage. 
The details of this experiment are given in Mr. Kershaw’s “ Additional Notes on 
Samples”* and in the accompanying diagram. A copy of the latter is appended 
aere, and a few of the main points of Mr. Kershaw’s notes may also be repeated. 


Two fields were chosen for the experiment, one uncropped arable field of 16 
acres area, which was partially underdrained, and one rye-grass field. As the 
effluents obtained were nearly all ji/iration effluents, it will thus be seen that the 
conditions were not, really analogous to those ordinarily obtaining at Beddington, 
where the effluents are in the main surface irrigation effluents from cropped land. 
The arable field had not been sewaged for a fortnight previously, and it was ploughed 
eight inches deepa few days before the experiment began, Mr. Kershaw noting that 
the soil seemed to be very clean. | The rye-grass field had had a week’s previous rest. 
The sewage was started on to the arable field upon October 23rd, 1900, at the 
theoretical rate of 25,000 gallons per acre of total arable land; that is to say, this 
would have been the dose had each portion of the ground taken its fair share of 
sewage from the commencement. But Mr. Kershaw’s chart shows how very far this 
‘theoretical statement was from the reality, the red line of the chart giving the 
quantities of sewage treated per acre. on the aable land actually irrigated, and the 
blue line the quantities, of 1st field effluent treated on the irrigated rye-grass land. 
From October 23rd the dose was increased daily by 5,000 gallons (theoretical) per 
acre until November 7th, at which date 85,000 gallons per acre of arable or 40,000 
gallons per acre of joint land were being applied. This is less than the normal 
amount which is treated at Beddington at one-time, viz., 57,000 gallons. On. 
November 7th the dose was suddenly increased to about 126,500 gallons per acre of 
arable or 56,200 gallons per acre of arable and rye-grass together, and it was continued 
at this rate for three days, 2.¢., until November 10th, when the sewage was shut off. 


For the first three days,no effluent appeared from the second field; the sewage 
being largely soaked up by the arable land and the remainder by the rye grass. But 
on October 26th a 2nd field (jiltration) effluent, No. 163 B, was drawn, and the 
samples followed one another regularly thereafter. 


+ .;'Mr. Kershaw notes that there was a-very small amount of subsoil water under 
both the arable: and rye-grass fields. 


1st (Arable) field Filtration Ejffuents. 


Six samples of these were drawn, two of the six being in duplicate. It was not 
thought worth while to plot out the figures of their analyses in curves, but a few 
remarks may be made about them here. 


No. 162 (dose 30,000 gallons per acre of arable land theoretically, but 80,000 to 
90,000 actually), which was analysed in duplicate, the second time after incubation, 
was fairly good. The fact of there not being a very great deal of nitrate in it showed 
that the ground, during its rest, had either not stored up the latter to any great 
extent, or that the nitrate had been already washed out by rain, or used up by the 
sewage first runon. This effluent contained a very considerable amount of ferric 
iron. 

~No. 163 (dose 35,000 gallons theoretically, but 70,000—80,000 actually) was 
also analysed in duplicate in the same way. It had a clean smell when drawn, but 
contained no nitrate, and became putrid upon incubation. 


No. 168 (dose 40,000 gallons theoretically, about 70,000 actually) also went 
putrid when incubated. 


No. 163p (dose 50,000 gallons theoretically, about 70,000 actually) was a fairly 
good sample, and kept sweet upon incubation. This may not improbably have been 
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due to a heavy rainfall (see diagram). All the above four samples were weak, the 


result, no doubt, of rain combined with a little subsoil water. 


No further sample of Ist field effluent was drawn until No. 1694, on November 
6th (dose 85,000 gallons theoretically, about 95,000 actually). As was to be expected, 
this had a strong sewage smell when drawn, and went very putrid upon incubation. — 


The limit, therefore, was soon reached on this first field, with the large volumes: 


of sewage actually treated per acre upon it. 


ond Rye-grass Field Filtration Epluents (excepting Nos. 169, 172 and 173, which 
were partly filtration and partly surface). (Diagram No. 217) 


A study of the figures and curves of these analyses shows, among other things, 
the following points :— 


1. The effluents were weak, so far as dissolved organic matter was concerned, 
but the chlorine curve was not very much lower than the corresponding curve in the: 
Beddington sewages and no lower than that of the ordinary Beddington 3rd field and 
final effluents; and yet at the time of year when they were drawn—October and 
November—one would not have expected a very great assimilation of food by the 
rye-grass rootlets. 


2. The seven samples of these filtration effluents, drawn in the month of October, 
only varied in temperature between the extremely narrow limits of 11°6° and 12°2° C. 
(53° and 54° F.), while a mixed surface and filtration effluent, also drawn in the same 
month, went down to 8°3° C. (47° F.). 


3. These (filtration) effluents, up to No. 168, drawn on November 5th (dose 
up to 85,000 gallons theoretically, but 135,000 actually) were in appearance very 
much like tap water, and with practically no sediment. The last three samples, 
Nos. 169, 172 and 173, which were partly surface and partly filtration effluents (dose 
90,000—130,000 gallons theoretically, but 135,000 actually) were neither so good 
in appearance nor as regards their analyses. No. 172 may be taken as an illustration 
of the advisability of having a nitrate factor in an absolute standard of purity 
(assuming, for the moment, such a standard to be in force). 


Being percolation effluents, the amounts of dissolved oxygen present, both when 
drawn and when analysed, were very moderate (all the more as the standard tubes 
were weakened) ; there was more oxygen in the last three (surface and filtration) 
effluents, Nos. 169, 172 and 173, although these were now really deteriorating. 


The albuminoid nitrogen and “oxygen absorbed” curves follow one another 
well, and indeed the curves generally are very consistent. 


Mr. Scudder’s incubator test and the incubation test as judged by smell agreed: 
jn the earlier samples but not in the later ones.* 


The determination of organic nitrogen by the method of Kjeldahl without 
reduction was unsatisfactory. q 

In conclusion.—The soil and subsoil at Beddington are comparable with those at 
Nottingham and Cambridge, though the Beddington subsoil is much the most stony of 
the three. The numbers of particles in unit weights of ignited soil and subsoil (Notts. 
= 100) are :—soil, 46; subsoil, 55. Taking the average depth down to the drains at 
6 feet 6 inches, then the relative calculated internal filtration area per unit of surface 
at Beddington is about four-fifths that at Nottingham. The rate of filtration must 
also be somewhat similar to the rates at Nottingham and Cambridge, thoygh no 
doubt appreciably faster. * The results obtained in the above short experiment show 
very clearly (1) the high purifying power of the Beddington soil and subsoil ; and (2) 
the much greater degree of purification that can be effected when such a soil is used 
for filtration rather than for surface irrigation. 













- * Note.—Excepting Nos. 169 and 173, which contained 04 and ‘01 parts of nitrous nitrogen, all the othe 
were free from nitrite when they came to be analysed: and it does not appear to have been tested for i 
the incubated samples. “It is most unlikely, however, that this would have made any difference in th 
results of Mr. Scudder’s test for Nos. 167, 168 and 173,—the only samples which come in question here. 


105 


Water from the River Wandle, alone and admixed with effluent (Diagram No. 22). | 


Referring in his Report to the River Wandle, into which the final effluent from 
the Beddington farm discharges by two outfalls, Mr. Kershaw says that :—- 
“The general condition of the river appears to be good, and there is evidently no 
nuisance derived from the mixture of effluent and river water. . . . . The 
normal ratio of effluent to river water is about 1 : 8, but in wet weather.the volume 
of the river may be relatively much greater, though not much less in dry weather.” 


Mr. Kershaw’s “‘ Additional Notes on Samples” should be read here.* 


Nine samples in all were examined completely or partially, the first three being 
drawn in February, and the last six in October, 1900. Nos. 45, 46 and 47, drawn on 
Monday, February 26th, 1900, within about an hour’s time, are comparable not merely 
with each other, but also with the final general effluent No. 44. 


Taking in the first instance the samples drawn above the effluent outfall, Nos. 45, 
1504, 1544 and 156a, of which the last three were jointed and incubated before analysis, 
“we find that they were all very well aerated, the last three having maintained their 
dissolved oxygen excellently after incubation (even allowing for the fact that the 
standard copper tubes had weakened); and no doubt this would have applied to 
No. 45 also. This, of course, is satisfactory. No. 45, drawn when the river was 
slightly above the normal owing to rain, is noted as comparatively colourless but 
containing an appreciable amount of brownish flocculent matter, with much lime but 
practically no sulphate ; and No. 1564, drawn when the river was clear, had also an 
appreciable quantity of greyish sediment. 


Of the samples drawn below the effluent outfall, No. 46 is noted as opalescent 
and slightly brown, witha small amount of brownish flocculent matter; No. 47 as 
clear, with some greyish aggregated sediment; and No. 160 as (after incubation) 
colourless, with a little sediment. When No. 1604 was drawn, the river was rather 
high. 


To revert again for an instant to the comparative samples Nos. 44, 45, 46 and 47, 
the ratio of effluent to river water is given by Mr. Kershaw as being at the time about 
1:12; but it is quite clear from the appended Curves that, when No. 46 was 
drawn (130 yards below the effluent outfall), very little mixing had taken place. This 
sample—MNo. 46—is virtually the same as the final effluent No. 44, e.g., the quantities 
of ammoniacal nitrogen and of chlorine are almost equal in both cases, and No. 46 
still contained much sulphate in solution. It is difficult to account for the very large 
quantities of albuminoid and total organic nitrogen found in No. 46, unless some error 
occurred, either in this analysis or in the analysis of effluent No. 44, of which I am not 
aware. Of the two, the dissolved oxygen was slightly less in No. 46. 





A glance at the curves is sufficient to show that by the time No. 47 was drawn 
(230 yards lower down than than No. 46) the river was chemically in pretty nearly as 
good a condition as at the point where No. 45 was taken, that is to say, the dilution 
had now made itself felt. 


With the exception of this single sample, No. 46, therefore, all the others were 
satisfactory from a chemical point of view, and there was little or no fault on the 
whole to be found with the river Wandle at Beddington Farm in February and 
October, 1900, judged, of course, from the standard of a non-drinking water stream, 
although—as stated above—the samples were not altogether free from flocculent 
matter. 


Only one or two further points need be noted here :— 


1. The nitrate curve approaches to a straight line. 


2. With regard to the few estimations made of organic nitrogen, the Kjeldahl 
method without reduction has given what is probably the better result in 
the case of No. 47, that sample being too pure for ths method with reduction 
to be reliable. In No. 46, on the other hand, the Kjeldahl method without 
reduction was altogether at fault. 











* Part [V.: Engineering and Practical Report. 
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CROYDON (BEDDINGTON) SEWAGE FARM. 





TABLES OF ANALYSIS. 
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Special Expersment :— 

Sewage, Artificial Storm Water and Effluents, Nos. 161, 162 - : : sO er tne - 118 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1902. 


Sets of Hourly Sewage Samples drawn in Equal Quantities per Hour. 

















Noo or SAMPLE’. | = Jie noe 443 444 ; 445 
NATURE OF SAMPLE - - - .| SCREENED SEWAGE. SCREENED SEWAGE. ‘SCREENED SEWAGE. 
24 hours’ sample. 24 hours’ sample. 24 hours’ sample. 
Rainfall while sample was being 0:10” 0:0” 0.0” 
drawn* ~ 
Drawn - - - - - 4 - | From Tuesday, 31st Dec- | From Wednesday, Ist Jan- | From Thursday, 2nd Jan- | 


ember, 1901, 11 a.m., uary, 1902, 11 a.m., to| uary, 1902, 11 a.m., to 
to Wednesday, lst| Thursday, 2nd January,} Friday, 3rd January, 





January, 1902, 10 a.m. 10 a.m. 10 a.m. 
Analysed -— - - - - - Ist January 1902. 2nd January 1902. 3rd January 1902. ~ 
Paris per 100,000 by weight. 
Ammoniacal nitrogen (by distillation) 4:19 4°18 4°40 a 
Albaminoid ’%,) Wat eae 1-12 : 0-74 ; 1:00 
Nitrous Od Meee eas 0-11 0°10 0°08 
Nitric 1S ae COS a 0-78 0°85 1-00 
Total Nitrogen by Kjeldahl, with 7°28 6°78 7°23 
reduction 
Blank Go) 92°: aes tae (0-26 in 5°58) (0-26 in 5-21) (0-26 in 5°54) 
SAX Nitrogen - : - - - 1:08 0:91 0°75 
Organic nitrogen, by Kjeldahl, with 2:20 1°65 1°75 
reduction 
Oxygen absorbed from permanganate 3°66 2°81 2°10 
at 26°7° C. (80° F.), at once 
RA ay after four howrs - 17°45 13°59 12°13 
Oxygen absorbed from: permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.), at once - — - : — — 
2 , after four hours : a rT ears 
Smell after incubation - - - a = —— 
Chidtine <i ub <4 Ca eae eaane 7:90 7.88 8:30 
Ba Una! ounce Mer ae ee 2 f 59'6 volatile - _, {48'8 volatile .o f 45'6 volatile 
Total solids (gravimetrically) 131 2471-6 nonvolatile T1544 a6 .6 non-volatile 106 8{ 61 © noteoltie 
ao: : of 30:0 volatile of 14'8 volatile of 14°6 volatile 
Solids in suspension oe 0153 ‘0 non-volatile 32 0{ 54-9 non-volatile uit 6°6 non-volatile 
Ape : .o f 29°6 volatile ., { 34:0 volatile wa f 31-0 volatile 
Solids in solution - ; 2 Abe? 2{ 73-6 non-volatile 16 4{ 54 non-volatile 85°6 54-6 non-volatile 
Cellulose (still containing fat) (by ex- 12°8 9:20 5°36 
traction with alkali and acid alone) “|i 
Gait owe ee ee Se eee 11°24 | 10°60 2°56 


Parts per 100,000 by volume. 


Solids by Centrifuge - - - - 356°0 215°0 174°0 

Remarks - mids letda as - -| Turbid, with (for a sew- | Turbid, with apparently | Much the same in appear- 
age) a small amount] about the same amount| ance as the two preced- 
of .brown sediment. of sediment as No. 443. ing samples. Odour not 
Faint sewage smell. Slightly sour smell. offensive. Alkaline. 
Alkaline. Alkaline. 


*Heavy rain fell early in the morn- 
ing before the first sample was begun. 


ff 
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CROYDON. (BEDDINGTON) SEWAGE FARM, 1902. 


Sets of Hourly Sewage Samples drawn in Equal Quantities per Hour. 


; = 












































446 447 448 -{ - 449 
SCREENED SEWAGE. SCREENED SEWAGE. SCREENED SEWAGE. SCREENED SEWAGE. 
24 hours’ sample. 24 hours’ sample. 24 hours’ sample. 24 hours’ sample. 
0°14” 0:01” 0:0” 4 y 0:0” 

From Friday, 3rd January, | From Saturday, 4th January | From Sunday, 5th January, | From Monday, 6th Jan gary, 
1902, 11 a.m., to Saturday, 1902, ll a.m., to Sunday, 1902, 1l a.m., to Monday, 1902, 11 a.m., to Tues day, 
4th January, 10 a.m. 5th January, 10 a.m. 6th January, 10 a.m. 7th January, 10 a.m. 

6th January 1902 | 6th January 1902. 7th January 1902. 7th January 1902. 
4°61 4°45 5:11 4°53 
1:03 0:97 0°59 : 0°97 
None. 0°30 0-12 ; 0°05 
0:03 0°36 0:03 0°52 
7°52 6°42 7°46 759 
(0°64 1n 6°16) (0°26 in 4°95) (0°64 in 6°12) (0°26 in 11°35) 
1°85 0°34 161 gay. 
2°88 1°31 2°20 2°49 
4°81 2°47 1:80 2°98 
11°46 10°40 7°85 14°47 
aes 3°77 are Z 773 i 
7 days ays 6 days 
—- 8:21 : 7:78 13°02 3 
a Putrid; sulphide. Strongly putrid ; sulphide. Putrid ; blackened. 
9:22 7°86 9°02 8°20 
af 43°6 volatile of 39°0 volatile : hee volatile .o J 53°8 volatile 
106 6 63-0 non-volatile ~ 8{ 55.8 non-volatile oye 57-4 non-volatile He 58°4 non-volatile 
‘nf 326 volatile af 18°4 volatile : Fis volatile | F oy volatile 
a 0 tO: non-volatile 35 6{i5 ‘2 non-volatile 21°24 5-1 nen-volatile 28°4 3°4 non-volatile 
pf 11:0 volatile of 20°6 volatile : ee volatile — : ek volatile 
63 64 59.6 non-volatile 66 ase non-volatile 68°24 59-3 non-volatile Sas 50°0 non-volatile 
7:40 5°80 3°92 7°80 
3-04 772 1:88 | 2°40 
206°0 173°0 1740 230°0 


Turbid brownish liquid, with | Turbid, with a moderate |Turbid liquid. Not much | More turbid than the pre- 
a large amount of dark amount of dark brown sediment (grey in colour) ceding samples, and with 


grey sediment. Sewage sediment. Clean smell. for a sewage. Fishy, but a moderate amount of dark 
smell. Alkaline. Alkaline. not sewage, smell, Alka- brown sediment. Soapy 
line. ? smell. Very strongly 

alkaline. 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 
Sewage with Efiluents. 



































































| 
No. OF SAMPLE- - - -..° No. 36 37 38 39 
- - |+  - | SCREENED SEWAGE First FIELD SECOND FIELD | THIRD FIELD oR 
NOS Sk eta (passed through EFFLUENT EFFLUENT FINAL EFFLUENT 
Ththoars extractors).| (Field No. 22; rye | over two fields of | (over three fields, 
grass) “heavy snow rye grass. third field 
and frost.” pasture). 
Drawn - : 2 - = - |Mon., 12th Feb. 1900, Mon., 12th Feb. 1900,| Mon., 12th Feb. Mon. 12th Feb. 
12.15 noon. | 2.45 p.m. 1900, 4.30 p.m. 1900, 5.15 p.m. 
‘Temperature of sample - - = - 9°4° C. (49° F.) 11° C. (34° F.) 4°4° C. (40° F.) 2°2° C. (36° F.) 
‘Temperature of air - - G : wae sired Fie ad | 
[f jointed or incubated ~ L eh Re ag Rmahe D> y Miaaey Tire | 
Analysed - . - - - - 14th Feb. 1900. 14th Feb. 1900. 15th Feb. 1900. 13th Feb. 1900. 
Parts per 100,000, by weight. 
Ammoniacal nitrogen : } Le ‘ 

(a) by direct Nesslerization. Turbid. Turbid. Turbid. Turbid. 

(b) by distillation. ) 8°10 5°73 1°68 *__ 
Albuminoid nitrogen - - is - 2°07 ) 1°32 0:53 - 
Nitrous M - - - - 0°09 0:07 0°21 0:05 
Nitric ¥ Saar We oe Not done. None. 1°39 a 
Total nitrogen by Kjeldahl, with re- 12-25 | 9°40 3°94 3°62 

duction (after nitrite correction). i \ 
Blank - - 2 es - 2 - (0°40 in 10:02) (0°40 in 15°44) (0°40 in 6°53) (0°49 in 6°17) 
‘Correction for nitrite - - - - +0°04 +0°08 +012 +0°03 
“X” nitrogen - - - - - 1°99 . 2:28 0°13 — 
Organic nitrogen by Kjeldahl, with 

reduction. 4-06 3°60 0°66 — 
Organic nitrogen by Kjeldahl, without 

reduction : 

(a) Taking ammonia by direct a aoe —— = 
Nesslerization. 
(b) Taking ammonia by distillation 5°41 3°53 0°48 —— 
Oxygen absorbed from permanganate | — 4°74 2°33 =. pated 0°48 
at 26°7° C. (80° F.) ; at once. 
= x a after four hours. 17°79 10°83 2°81 1°52 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once. a 0:38 0:07 0:03) Six 
~ A + after four hours. —— 9°56 ibe 2°53 f days. 
Smell after incubation- - -~— - ——— Strongly putrid. | Strong mouldy No smell. 
smell. 
‘Chlorine - - . - - - | 9°44 9-14 7°80 7°06 
Gases ; parts per 1,000, by volume. 
Carbon dioxide (free) - 5 - : ee 38:26 49:37 32°57 : 
Oxygen (boiled out) - : - - —~ 0:16 0°21 4:4] 
Nitrogen . - - - —— 18°74 20°26 19:20 
Remarks - - - - This sample had | Brown liquid, con- | Opalescent, with | This sample was | 
a copious dark taining much a good deal of opalescent to 
brown sediment. putrefactive bluish - grey turbidity, and 
Strong sewage matter, and with | | flocculent mat- contained a 
smell. Alkaline. . a distinct putre- ter aggregated small amount 
factive smell. together. of darkish floc- 
Less alkaline Fishy - earthy culent matter. 
than might have smell. Dis- Strong _ fishy- 
been expected. tinctly _ alka- earthy etnell: 
line. Much Just alkaline. 
lime in solu- Much lime in 
tion and a solution and a 
good deal of good deal of 
sulphate. sulphate. 
*Note.-The other 
nitrogen figures 
7 in this analysis. 






eS  icouldaemiormebes 
taken, as the standard ammonium. 
chloride was wrong. 
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Sewage with Effluents. 





39a 40 41 42 | 43 44 44 
_ GENERAL SCREENED First FIELD SECOND FIELD FINAL GENERAL FINAL LARGE 
EFFLUENT. SEWAGE. EFFLUENT EFFLUENT (THIRD FIELD) | EFFLUENT. DUPLICATE, 
off field No. 22 off field No. 28 EFFLUENT 
(rye grass). (rye grass). off field No. 45 
(pasture). 








Thurs. 15th Feb. | Tues., 20th Feb. | Tues., 20th Feb. | Tues., 20th Feb. | Tues., 20th Feb.| Mon., 26th Feb. — 
1900, 12.30 noon. | 1900, 11.45 a.m. | 1900, 1.15 p.m. 1900, 2.50 p.m. 1900, 4 p.m. 1900, 4.35 p.m. 
11° C. (34° F.) 10°0° C. (50° F.) 8°3° C. (47° F.) 78° C. (46° F.) 72° C, (45° F.). | 13°3 C. (56° F.) ——i 4 





Ne ae = eek Bice : cae Jointed27th Feb. 


16th Feb. 1900. 21st Feb. 1900. 21st Feb. 1900. 22nd Feb. 1900. | 23rd Feb. 1900. | 27th Feb. 1900. |14th March 1900, 


















































Turbid. Turbid. About 1°44 —— Turbid. 1°73 approx. 2°12 
(Feb. 17) (Feb. 16) 

1-29 1:19 4°15 1°56 ; 1:14 0°93 2°06 2°14 
0°22 0°23 1°33 0°39 0°23 0°15 0°23 0:15 
0:03 0-08 0:06 0:06 0:04 0:07 0:07 

0°60 Not done 1°68 1:14 1°39 0°54 ~ 0°69 

(should have been). 
2°33 9°86 4°20 2°97 2°56 | 2°97 2°93 
(0°40 in 4°10) (0°40 in 16°17) (0°40 in 7°10) (0°40 in 5°12) (0°40 in 4°48) (0:40 in 5°10) (0°22 in 4°41) 
+0°02 +0°04 +0°03 +0:03 +0:02 +0°04 +004 
(Qa os 4°30 0°51 0°40 0:05. 0:07 None. 
(Too high if any (— 0°12) 
nitrate was present) 

0°41 5°63 0°90 0°63 0°22 0°30 0°15. 

= —. About 1°14 = ——— 0°39 approx. —— 

0°43 4°96 1°02 0°31 0°39 0°06 —— 

0°32 3°09 0°82 0°59 0°32 0°80 0°24 

Feb. 
2-09 | 16th. 17:00 3-25 161 1:40 2-06 1°36 
6 Days. 2 Days. 

oe gel 0-62 0°58 0-77 0-43) 0°54 aes 
ae at 1°89 py 1:53 1:47 4 1°59 -_— 

a eee ae Mouldy (not Not noted. Putrid, sewage | Strong earthy. -— 

earthy). smell. 

—— 9°94 6°28 5°66 5°08 6:46 —— 

——— — 30°42 20°88 21:05 29°36 34°69 

a a 1:33 4°67 : 3°59 4°76 0:02 

— 16°81 15'91 16°17 14°54 14°92 


Only very slightly | This looked an| Distinetly|One or two 
opalescent and| excellent ef-| brownish and]| tenths of a 
containingalmost} fluent, clear,| turbid,withan| c.c. of gas in 
no floeculent| and with only| appreciable| neck of bottle, 


This sample con- | Considerable| Turbid, with an 
tained a large| light brown and} appreciable 
amount of storm A ey deposit. | amount of dark 
(snow ?) water. he sewage) floating floc- 





It was ver odour was not | culent matterin|] matter. No| comparatively| amount of{| but no_pres- 
turbid, and wit very strong. somewhat large} smell. Very] few greyish,| flocculent] sure. Clean, 
a considerable particles. Fishy | distinctly alka-| flocculent par-| matter. Fishy-| fishy - earthy 
amount of sus- smell. Very | line. Much lime] ticles. Dis-| earthy smell. | smell. 
-pended matter. slightly alka- | anda good deal| tinctly alka-| Very alkaline. 
arthy smell. line. A great | of sulphate in} line. A great 
Alkaline. deal of lime and | _ solution. deal of lime 


and much sul- 

phate in solu- 

tion. 

Note.—It is curious that this 
effluent should not have kept. 

In Nos. 42 and 43 it.looks as if the 
determination of the organic nitro- 
gen by the method of Kjeldahl, 
without reduction, was the more 

correct. 


much sulphate 
in solution. 
This is very fair 
for a single field 
effluent. 
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Sewage with Effiuents. 








No. OF SAMPLE - 3 2 3 m 


NATURE OF SAMPLE - - - - 


149 150 
SCREENED AND First FIELD 
SETTLED SEWAGE. EFFLUENT 


(over rye-grass), 


151 


SECOND FIELD 
EFFLUENT 
(from permanent 
pasture). 







151 151 
LARGE SMALL ~ 
DUPLICATE. DUPLICATE. 





Drawn - : 4 : - - 


Temperature of sample Gh baQ ths 
Temperature of air 


_ If jeinted or incubated - 







Wed., 3rd Oct. 1900,| Wed., 3rd Oct. 1900, 


11.45 a.m. 
150° C. (59° F.) 
12:82 ©; (552 F.) 


2°0 p.m. 
10°6° C. (51° F.) 
16:1° C. (61° F.) 




















Analysed - - 4th Oct. 1900. 4th Oct. 1900. 
Parts per 100,000 by weight. 
Ammoniacal nitrogen : 
(a) By direct Nesslerization - - —— oo 
(b) By distillation - - - - 8°56 3°42 
Albuminoid nitrogen - - - - 1°49 0°47 
Nitrous - - : - - Mere trace. Trace. 
Nitrie ie - - - - Not done. 0°14 
Total nitrogen by Kjeldahl, with re- 11°70 514 
duction (after a pouon). 
Blank - - - (0°17 in 8°34) (0°17 in 7°37) 
Correction for nitrite - None. None. 
“«X” Nitrogen - - : - - 1°65 111 
Organic nitrogen by Kjeldahl, with 3°14 1°58 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct —— a 
- Nesslerization. 
(b) Taking ammonia by distilla- —_— oes 
tion. 
a oe Oct. 5th. 
xygen absorbed from permanganate } Estimation F 
at 26°7° C. (80° F.) : at once. 704 on Oct. 4th {| ; 97 
lost. | 
0 4 5 after four hours. 15:22 581 
Oxygen absorbed from permanganate —— 2 
by sample incubate.! for five days at | 
26°7° C. (80° F.) ; at once. 
% Pi Fr after four hours —— ae 
Smell after incubation - = : : ase | Bt ls 
Chlorine 9 7-40 


Gases ; Parts per 1,000, by SR 
Carbon dioxide (free) 


Oxygen (boiled out) 
Oxygen (by cuprous chloride) = 


(a) When drawn - E : i 
(b) 4, |amalysedi 5 -) -) = 
Nitrogen -— - Pere BY Pas 


“’Remarks - - ‘ - ‘ 


Less than 1°0 


_Turbid, slightly 
yellow liquid, 
with practically 
no sediment, but 


This sample was 
yellow, with 
much dark grey | 
solid matter in 


it. Sewage and what looked like 
very strong. ver finely 
Piet De divided grey 
smell. matter in sus- 


Alkaline. | 


smell of pepper- 
mint and also of 
sewage. 
kaline.. 





pension. Strong | 


Wed., 3rd Oct. 
1900, 3.30 p.m. 
12°8° C. (55° F.) 
13:9° C. (67° F.) 














— 


Jointed 4th Oct. | Jointed and i I 
Apparently| cubated 
opened and re-| October. 
jointed 24th 


ned 
ct. 190€ 


O 
13th 





i 3s. October. — 
5th Oct. 1900. Opened 
14th Nov. 1900. 

1°68 es 

0-19 — 
Trace. — 

Not appreciable. — 
2°46 — 


(0°17 in 4°48). 
None. 
0°59 
0°78 


1°21 


101 
PHAN 
1°42 


2°81. 


Strong pepper- 
mint, which 
masked other 
smell (if any). 

7°00 


Trace only. 


of a rather 
ale yellow- 
rown colour. 
Very _ little 
sediment (what 
there was had 
a darkish tint). 
Still a distinet 
smell of 
peppermint. 








Opalescent and | This snanpleeene 








had a_ large 
black deposit 
and a_ foul 
smell, though 
the _ pepper- 
mint odour 
was still ob- 
servable also. 
Not analysed. 





152 


SCREENED AND 


SETTLED SEWAGE.) 
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Sewage with Effluents. 


EA RES Ua a: alate enn Gn eh a 


153 


FINAL EFFLUENT, 
same source as 
No. 151 
(over two Fields). 
Very warm 
weather. 





153 


SMALL 
DUPLICATE. 





Mon., 8th Oct. 
1900, 11.0 a.m. 
14°4° C. (58° F.) 


18-3° C. (65° F.) 


9th Oct. 1900. 


8°09 
2-10 


Trace. 


Not done. 
12-00 
(0-17 in 8°58) 


None. 


—— 


1°81 
3°91 


a i SS 


| Turbid yellow 

| liquid, with a 
large amount of 
dark - coloured 
solid matter. 
Strong smell of 
sewage and of 
eppermint. Al- 
aline. 





sewage smell, 
Alkaline. 





a NN oa RSL 


Mon., 8th Oct. 
1900, 2.30 p.m. 
15:0° C. (59° F.) 
20°6° C. (69° F.) 


9th Oct. 1900. 


3°10 
0°21 
Trace. 
0-07 
3°49 
(0°17 in 6°29) 
None. 
0-11 
0°33 


0°32 


0°70 
1-79 
0°74 


1-80 (54 hours) 
Putrid. 


7°80 


About 1:0 
Practically none. 


Nearly clear, with 
a slight brown 
tint (greenish 
when drawn). 
Very little floc- 
eulent matter, 
which was more 
grey than brown. 
Distinct sewage 
smell when 
drawn. Clean, or 
possibl faint 


on October 9th. 


| Note.—This land had had_ barely 


three days’ rest. 


6225 


am Os 


a. 


18th Oct. 1900. 








After 





Jointed and in- | Jointed 


cubated 9th 


October. 


Opened 





incuba- 
tion this sam- 
ple was putrid, 
though _ not 
badly putrid. 
This is a good 
instance of a 
sample not 
very far over 
the border 
line. 








153 


LARGE 
DUPLICATE. 


9th 
October. 


Opened 
14th Noy. 1900. 





154 


FINAL 
EFFLUENT 
(over three 

Fields). 


155 


FINAL 
EFFLUENT 
(over three 

Fields). 


155 


SMALL 
DUPLICATE. 





Tues., 9th Oct. 
1900, 2.0 p.m. 
16::72,C., (627 FE.) 


18°3° C. (65° F.) 


10th Oct. 1900. 





The somewhat 
small deposit 
was black, and 
the liquid pu- 
trid, though 
not excessive- 
ly so. Not 
analysed. 











1-08 
0°89 


O11 
0-05 
0:07 
1:35 

(0:17 in 2°48) 

+0°03 
0-23 
0°34 


0:09 


0:28 


0°45 
1-42 
0°57 


1:35 (53 hours) 


Slight smell like 
mustard; not 
exactly putrid. 


8-20 


3°5 
1:0 to 1°5 (Very 
green to read). 


Liquid nearly 
clear, with a 
slight but dis- 
tinct brown 
tint. Mere 
trace of grey- 
brown floccu- 


lent matter. 
Good clean 
smell, Alka- 
line. 


This is a border 


line sample. 





Nothing 


. quite 
(Three ob 





Wed., 10th Oct. 


1900, 1.45 p.m. 


14:4’ C. (58° F, 
14:4° C. (58° F. 


) 
) 


A 


(0:17 in 3:11) 
+0°02 
None (— 0702) 
0713 


0°09 
0°37 


1°32 
0°50 


1°44 
Earthy ; 


7°80 
38°56 
1:28 


observers). 
14:90 


About ‘1-0 (Three 


Jointed 11th Oct. 
Incubated 13th 
October. 


22nd Oct. 1900. 





1°66 
0°13 
Trace 


0°02 


wrong ;| Not quite sweet. 
Not 
sweet 
servers. ) 


Thissamplelooked | This, again, is an 


fairly” good, | * interesting bor- 
though not so 
good as No. 154. 
It was clear and 


slightly 
with Handi an 
sediment, whic 
was 

Clean 


ellow, 


brownish. 
smell. 


Moderately al- 


kaline. 


A great 


deal of lime in 


solution, 


moderate amount of sulphate, and 
more than a trace of iron ( 
or entirely ferric). 


a 


mostly 


der line effluent. 





No. OF SAMPLE - : ‘ ; 


NATURE OF SAMPLE - - - - 
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Effluents. 
155a 156 157 157 
FINAL EFFLUENT | FINAL EFFLUENT | FINAL EFFLUENT SMALL 
(over three fields). (over two fields). | (over three fields). DUPLICATE. 











Drawn - - - - . : 


Temperature of sample - 
Temperature of air - - - - 


If jointed or incubated - - - 
Analysed - < : : 


Ammoniacal nitrogen— 


~~ “(a) by direct Nesslerization - 


(b) by distillation - - 


Albuminoid nitrogen - 


Nitrous £ - - - - 

Nitric 29 = 

Total nitrogen by Kjeldahl, with re- 
duction (after making nitrite 
correction). 

Blank - - - - - - : 


Correction for nitrite - - - 
“X” nitrogen - - - - 


Organic nitrogen by Kjeldahl, with 
reduction. 

Organic nitrogen by Kjeldahl, without 
reduction : 

Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once - - 


” ” » after four hours 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 
after four hours 


39 3 ” 
Smell after incubation = é = 
Chlorine - 2 S # - - 


Gases: parts per 1,000, by volume. 
Carbon dioxide (free) - - - = - 


Oxygen (boiled out) - - 
» (by cuprous chloride)— 
(a) When sample was drawn - 


(b) 3 ” ry analysed = 


Nitrogen © = © - - - 


Remarks - 3 é 2 4 














Thursday, 
October 1900, 1.15 


p-m. 
13°3° C. (56° F.) 
11°1° C. (52° F.) 


12th October 1900. 


(B) (A) 
0:28 —— 
0°14 — 
0:04 0:04 
0°54 0°54 

without sugar 
1:07 0°85 


(0-17 in 1°66; 0°13 in 
1:46) 


+0-02 +0°02 


0:07 


0°21 


0°14 


0°57 
110 —_— 


Clean, earthy. 
8-0 


Over 6:0 








Over 6:0 (probably 
7:0) on 12th, 


This was an_ ex- 
cellent looking 
effluent, with only 
avery faint brown 


tint. Practically 
no sediment. 
Clear. Sweet 
smell. 








11th | Monday, 15th Octo- | Tuesday, 


ber 1900, 2.45 
p.m. 

10:0° C. (50° F.) 
10:0° C. (50° F.) 


16th October 1900. 


16th 
October 1900, 
12°45 noon. 
10:0° C. (50° F.) 
10°6° C. (51° F.) 


Jointed and ineu- 
bated 17th October. 
i 


17th October 1900.) 22nd October 1900.| 





(B) (A) 


Retort. Flask. 
226 2°45 2:41 


0°14 


0°05 
0°14 
2°72 


(0°17 in 3°94) 
+0°03 
0°13 
0:27 


+Abt. 4:0, 3°75, 4:0 
(three observers). 


16°04 ao 

Faintly opalescent, 
but almost en- 
tirely free from 
floceulent matter. 
Good, clean smell. 

This is a contradic- 
tory analysis. 

+ Cannot explain this 
discrepancy in the 
figures foroxygen, 








eA 


0:32 sy 
0:23 a 
0-06 28 
Distilla- Oxal- 
tion. ate. jj 
0°04 
0:81 | at0sie 
0°66 j 
1:02 a Se 


(0°17 in 1°57) © 
+ 0:02 
0:03 
0°09 


0:07 
0°35 
0°98 


0°37 
0°98 


4 
—_—— iy 


) 


Clean, earthy. {Clean, fishy-earthy,| 


29°79 
7'64* 


6°75, 8°715,.0:00 Less than 1:0 


(three observers). 


au 


' 15°24 


This looked a| Very good effluent.| 
beautiful ef-'————_—____ | 
fluent, clear, and with a mere trace} 
of darkish, floceulent matter (very| 
likely grit). Sweet smell. 

* This is a remarkable figure. It al-| 
most represents saturation at the] 
temperature at which the effluent 
was drawn (10°6° C.), [am not aware 
of any error; the nitrogen works 
out almost right for_the tempera-| 
ture (14°6° C.). 


} 


fre cn nn meg enn eee 


Ag 
fi 
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158 


SCREENED SEWAGE 
(after slight rain). 


| Wednesday, 17th 
October 1900, 12.0 
non. 

15-6" C. (60° F.) 
17-8° C. (64° F.) 


18th October. 1900 


9-71 
2:36" 


None. 
Not done. 


13°42 (no sugar). 


(0°13 in 9°71) 
None. 
1°35 
3°71 


2°44} 
11-00} 


| This sewage con- 
tained a moderate 
amount of light 


brown sediment. 
Strong sewage 
smell. Alkaline. 


* About this time 
the distilled water 
yielded some 
“albuminoid” 
ammonia, 

+These figures are 
probably too low, 

especially the first. 


























159 159 159 160 
FINAL EFFLUENT SMALL LARGE FINAL EFFLUENT 
(over three fields). DUPLICATE. DUPLICATE. (over three fields). 
Wednesday, 17th — —— Thursday, 18th 

October —_:1900, 2 October 1900, 
5 p.m. 2.30 p.m. 
12°2° C. (54° F.) — —— 122° C. (54° F.) 
13°3° C. (56° F.) a —— 144° C. (58° F.) 
—— | Jointed and incu- Jointed, 18th pls 
lated; 18th Octo- October. 
er 
18th October 1900 | 29th October 1900 | 20th November | 19th October 1900, 
1900. 

1°32 1°28 115 161 

0°13 0°13 0°10 0:16 

0-04 : | 0:04 . 0°03. 

0:25 
0-08 J 0:16 0-05 
Sugar. Nosugar. 

1°70 —— 1°88} 1°54t . 1:98. 

(0°17 in 2°52) a (0-12in (O-12in | (0°17 in 2°91) 
2°78). 2°29), 
+ 0°02 —_—— +0°02 + 0°02 

0°13 — 0°45 O:ll 0°14 

0:26 —— 0°55 0:21 0°30 

—— —— —— 0:14 

0°43 = 0°27 0-41 

1:13 pee 1-28 1-28 

0-41 a 0°33) Six 0°55 

1:27 —— 1:25) days. | 1:23 

Suspicious ; 

Sweet, earthy. Josh Sweet. Clean (Two 
observers), 

7°80 — anon ~ 8:60 : 

Sy shel (pe (2) 20 

4°75, 4°80, 5:20 Trace Under 1 ¢.e. (Oe ay Yay he 
(three observers). (difficult to read). | (three observers). 


Green-blue, not 


easy to read. 


This looked agood 
sampie, but not 
so good as No. 
157. Nearly 
clear, with a dis- 


tinct brownish 
tinge. Very 
little solids in 


suspension. 
What there was, 
was red - brown 
and black (the 


latter probably 


earth). 


Smell clean, but 
rather strong 
fishy-earthy. 








Lemon - coloured 
and clear, with 
but a small de- 
posit of brown 
floecculent mat- 
ter. Clean smell. 

A small bubble of 
gas at top of 
bottle. 





+ Bad agreement. 





This looked a good 
effluent, clear, 
and with practic- 
ally no sediment. 
It bad, however, 
a distinct 
tint. lean 
se peculiar 
smell. 


{The blue colour 

of the copper 
standard bites 
was weakening. 








ellow! 
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ARTIFICIAL STORM 
WATER, 





Made ~ by diluting 
Beddington Sew- 
age, No. 158, down 
to the Mersey and 
Irwell standard of 
albuminoid am- 
monia (0°l grain 
per gallon). Took 
20 cc. sewage and 
380°6 tap water on 
Friday, 19th Octo- 
ber. 


Incubated two por- 

tions :— 

(a) At atmospheric 
temperature ; 

Coy Ab 26°75, € 
(80° F.) for about 
eight days, and 
then determined 
the “oxygen ab- 
sorbed” from per- 
manganate. 

Before After 

incuba- _incuba- 
tion, | tion, 

Oct. 19. abt. Oct, 27, 

(a) (b) 

(2?) 0°20 0°37 0:50 


Both of these in- 
cubated samples 
had a strong putrid 
odour. 
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Effluents. | 
No. of SAMPLE-  - - = - 369 369 376 
NATURE OF SAMPLE - +» -  -{ GENERAL EFFLUENT. SMALL DUPLICATE. GENERAL EFFLUENT. | 
7 
Drawn - . z - - - | Monday, 7th October 1901, ——— Tuesday, 8th October!| 
12 noon. ; 1901, 12°30 noon, 
Temperature of sample - - - 10°0° C. (50° F.) — 117? Oe (53° F.) 
Temperature of air - - - - 10°0° C. (50° F.) + -13°3° C. (56° F.) 
If jointed or incubated Sy ald de sa Jointed and incubated, —_— 
| 8th October. 
Analysed - - - - - 8th October 1901. 9th November 1901. 9th October 1901. 
Parts per 100,000 by weight. 
Ammoniacal nitrogen - - - - 1:39 a 1°82 : i 
4 
Albuminoid nitrogen - - - - 0:07 — 0°15 4 
Nitrous 4 - - - : 0:04 Containing 0°02 
a 0°29 + about0-04nitrite 
Nitric 4 Sie a 0:20 nitrogen. 0°22 
Total nitrogen by Kjeldahl, with re- 1°79 — 2°31 
duction (no correction for nitrite). 
Blank’bs 4f [eg § s ae Os - (0°30 in 2°91) o— (0°30 in 3°67) 
“X” Nitrogen - - - - - 0:09 _— 0°10 
Organic nitrogen by Kjeldahl, with 0°16 a 0°25 
reduction. 
Oxygen absorbed from permanganate 0°31 — , 0°30 
at 26°7° C. (80° F) ; at once, 
ry a . | after four hours. 0:91 — 1°56 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.) ; at once. 0°37 — 0°23 
9 ” ” after four hours. 1:06 Le 1:27 
Smell after incubation - S - | Sweet ; about 0:03 nitrite | —— Sweet ; No nitrite. 
nitrogen. 
Chlorine A et ee anes PK 8:26 —— 7°56 
Parts per 100,000 by volume. 
5 : 6°0 approx. iy Ae 4 
Solids by centrifuge - - - - Really a mere trace. } | = 0 
Gases ; Parts per 1,000 by volume. 
Oxygen (by cuprous chloride) when 3°0 None. . 1:2 
sample was analysed 
Remarks - : . - : - | This sample was clear, but | No notes were made, but | This sample was eae : 
; with a yellow tinge. It| the effluent obviously | clear and had no smell 
contained a minute kept well. when drawn. ; 
quantity of sediment. -| - On October 9th it was | 
No smell. Alkaline. yellow coloured, with a | 
moderate amount oflight | 
brown sediment. o| 
smell. Alkaline. 





This is a border-line sample, 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1901. 


Effluents. 





376 


SMALL DUPLICATE. 


380 


GENERAL EFFLUENT 
(rather cloudy when 
drawn). 





Wednesday, 9th October 
1901, 12 noon. 


13°3° C. (56° F.) 
111° C. (52° F.) 


Jointed and incubated, 
9th October. 


lan 5th November 10¢h October 1901. 





2°25 
0°19 





None. 
0°03 


(b) ) about 
2°78 j 18th. 


(a) 
2°83 


(0°34 in 4°49 and in 4°42.) 
0°36 (a) 
0°55 (a) 


0°41 


2, 


= 


00 





0°72 
2°07 


Putrid; smell of sul- 
phuretted hydrogen. 


8°22 





72:0 


None. 


When opened, this | This was arather turbid, 
was putrid and/ colourless liquid, with 
blackened,andsmelt| apparently no pre- 
of sulphuretted hy-| cipitated sediment. 
drogen. Fishy smell. Alkaline. 

Not analysed. 


Note.—This is another 
instance of incuba- 
tion not being com- 
pleted at the end of 
five days. 


380 


SMALL DUPLICATE. 


384 


GENERAL EFFLUENT. 
(clearer than the pre- 
vious day’s sample). 


384 


SMALL DUPLICATE. 





Jointed and incubated, 
10th October. 


Opened 14th November 
1901. 








When opened, the 
supernatant liquid 
was clear and fairly 
colourless ; the sedi- 
ment, of which there 
was a good deal, 
was black. Putrid, 
and smelling of sul- 
phide. Alkaline. 
Not analysed. 


Thursday, 10th October 
1901, 12 noon. 


13°3° C. (56° F.) 
11*7° C. (53° F.) 


llth October 1901. 


1°16 
0:08 
0°04 
0°45 
1°76 


(0°30 in 2°87) 
0°03 
O-ll 


0-12 


Lost 


0°28 
1:04 


Sweet ; trace of nitrite 


8°66 


4:0 


32 


This sample had a 
slight yellow tint 
and contained a very 
small amount of 
light brown sedi- 
ment. No smell.. 
Alkaline. 





Jointed and incubated, 
11th October. 


5th November 1901. 


Containing 
about 0°04 
nitrite nitrogen. 


Jour] 


None. 


Slight yellow tinge, 
with asmall amount 
of brown sediment. 


Note.—It will be observed that in the dupli- 
cate samples, Nos.:369 and 384, the oxygen 
is used up while the nitrate remains 
practieally unaltered. 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 
Special Experiment. 






































NO. OF SSAMPLE*- - + . «,.- 161 162 162 161 
NATURE OF SAMPLE - -. - - SCREENED FILTRATION SMALL ARTIFICIAL 
SEWAGE. EFFLUENT DUPLICATE. STORM WATER. 
from Arable 
Land. 
Drawn - : 2 a = - - | Wednesday, 24th | Wednesday, 24th —— — 
Oct. 1900, 12.15} Oct. 1900, 2.30 p.m. 
noon. 
Temperature of sample - - -| 14°4° C. (58° F.) 13°9° C. (57° F-) — aa 
Temperature of air - . - -| 15:0° C. (59° F.) 15°6° C. (60° F.) a —— 
If jointed or incubated- —- . - —— ——— Jointed 25th Oct.; — 
outside incubator 
till 27th Oct.,inside 
till 9th Nov. 
Analysed = - - - - 4 - | 25th Oct. 1900. 25th Oct., 1900. 9th Nov. 1900. —- 
Parts per 100,000 by weight. 
Ammoniacal nitrogen— 
(a) By direct Nesslerization  - . *____ 0°82 ——. Sample No. 161 di- 
luted to a storm 
(b) By Distillation - - - - — 0:79 0°72 water of the 
Mersey & Irwell 
Albuminoid nitrogen — - - - . — 0:15 0:07 standard of albu- 
minoid nitrogen 
Nitrous 45 - - - - None. 0-02 None. (on 1°60), 2.¢., 25 
c.c. sewage and 
Nitric 9 Lire ity Meet Ame Not done. 0°93 (approximate) 0:29 313¢.c. tap water, 
25th Oct. 1900. 
Total nitrogen by Kjeldahl, with | 6-82 (with sugar). | (a) 1°70 (b) 1:62 — (a) was kept in 
reduction (after making nitrite cor- full bottle at at- 
rection). mospheric tem- 
Blank - - : - - - - —— (0°17 in 2°53) as perature; (b) was 
(0°13 in 2°39) incubated at 26°7° 
‘Correction for nitrite - - - - a - +01 — C.- (80° Baul 
Nov. 5th. 
“X” nitrogen - - - - - — ? aa The ‘‘ oxygen ab- 
sorbed” wasthen 
Organic nitrogen by Kjeldahl, with — Y a re-determined. 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : | 
(a) Taking ammonia by direct = = — Oct. 25. Nov. 5. 
Nesslerization. 
(b) Taking ammonia by distil- ss un Ee eee anes 
lation. aye) 
Oxygen absorbed from permanganate 2:26 0:16 0:05 0°13 0:09 0:23 
at 26°7° C. (80° F.), at once. ¢ Both (a) and (b) 
» %9 after four hours- 7°91 0:89 —— were putrid. 
Oxygen absorbed from permanganate pata 0:25 eee fem 
by sample incubated for five days at 
26°7° C. (80° E.), at once. gl 
2 5 after four hours - — 0-91 — ana 
Smell after incubation - . - : —. A little like mustard.| Slight smell like — 
Not quite sweet. mustard. 
Chlorine - - - - : - Ot va —— es 
Gases: parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
(2) When sample was drawn - - as Less than 1:0. et : pede 
(b) When sample was analysed - eae None, or merest as as 
trace. 
Remarks - 5 = - - | When this sample | This sample was} After incubation — 
was drawn,some | dim, but with only | this was a practic- 
soapymatterwas} a very little brown | allycolourlessclear 
coming down. It| suspended matter.| lquid, with a con- 
contained only a}| Fishy-earthy or] siderable amount 
little sediment. | mustard smell. | of light brown floc- 
Alkaline. Slightly alkaline. | culent matter. Al- 
*Note.—Thefigures} Much lime, but not | kaline 
for the nitrogen | a very great deal 
in this sample| of sulphate in sol- 
are not given,| ution; a very con- 
as the distilled; siderable amount 
fp water used was! of ferric iron. This 
not reliable,| large amount of 
yielding as it did | iron is striking. 
some “ albumi- |7his effluent is entirely 
noid ” ammonia. |the result of filtration. 














er 





163 


FILTRATION 
EFFLUENT 

rom same source 
as No. 162. 


Thursday, 25th 
Oct. 1900, 12.30 
noon. 

13°3° C. (56° F.) 


133° C. (56° F.) 





0:90 
0°19 
None. 
None. 


1:05 


(0°17 in 1°65) 
None. 
None. 


(—- 0°04) 
0-19 


0°42 





1:39 
0°72 


1°61 


Strong smell of 

sulphuretted hy- 

drogen. Putrid. 
70 


Less than 1:0 
Less than 1°0 


This samplelooked 
exactly like No. 
162, but the 
small amount of 
flocculentmatter 
present was not 


so red. Clean 
fishy - earthy 
‘smell. 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 


163 


SMALL 
DUPLICATE. 


Jointed and inside 
incubator 26th 
Oct. (on top part 
of time). 
5th Noy. 1900. 


Putrid. 


Special Experiment. 





163a 


FILTRATION 
EFFLUENT 
from arable land. 


163b 


FINAL 
FILTRATION 
EFFLUENT 
(v.e. first through 


arable,then through 


rye-grass field). 





Friday, 26th Oct. 
1900, 12.15 noon. 


13-9° C. (57° F.) 
72° C. (45° F.) 


Jointed and incu- 


bated 27th Oct. 


Opened 12th Nov. 
1900. 


Friday, 26th Oct. 
1900, 12.45 noon. 


11°7° C. (58° F.) 
72° C. (45° F.) 


27th Oct. 1900. 








When opened this | When opened this 


was very putrid 
and smelling of 
ammonium sul- 
phide. 


was strongly 
putrid,with black 
deposit. 





0:07 
0:035 
None, 

or mere trace. 
0°44 
0°57 


(0°13 in 0°97) 
None. 
0°025 
0:06 


0:07 


0°04 


0°30 


Sweet and clean. 


7°26 


2-5, 2°8, 2°8, 
(three observers ; 
the standards seem 
to have got paler). 


This looked a 
beautifully clear 
effluent like 
drinking water, 
with only the 
merest trace of 
pale brown floc- 
culent matter. 


1638¢ 


FINAL 
FILTRATION 
EFFLUENT. 


Saturday, 27th 
Oct. 1900, 12.45 
noon. 

122° C. (54° F.) 

10-6° C. (51° F.)| 


29th Oct, 1900. 


0:02 approximate 
0:02 
0°02 
None. 
0°43 
0°65 


(0°17 in 1°08) 
None. 
0°18 (2) 
0:20 (?) 


0°06 
0-06 
0:21 
0°52 


0-07 (7 days) 


0:50 (7 days) 


Quite sweet. 


7°10 


2°0 


Dy 28. 
(two observers). 


Beautiful clear 

effluent, with 
only the merest 
trace of sus- 
pended matter. 
Very — slight 
clean, earthy 
smell. 














1638¢ 163d 
SMALL ° SMALL 
DUPLICATE. SAMPLE 
Arable Field 
Efiluent. 
sess Monday, 29th 


Jointed and in- 
cubated 29th 


Oct. 


26th Noy. 1900. 


Me 


Clear, 


littl 


re trace. 


with a 


e brown 


flocculent mat- 


ter. 


The only 


change which 


this 
has 


effluent 
undergone 


is to lose its 
2°5 ¢.c. of oxy- 


gen. 








Oct. 1900, 12.0 
noon. 
13'3° C. (56° F.) 


12°8° C, (55° F.) 


Clean smelk. 


Sample too small. 


When opened ai- 
ter incubation, 
this sample 
was brownish 
withsomegrey- 
brown  sedi- 
ment. Quite 
sweet. This is 
evidently just 
within the bor- 
der line. 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 
SPECIAL EXPERIMENT—continued. 































=. ane”: ecg meme gm oN ren ap Unmmnnn ROTI  ccg  grnaea 
NOSOF SAMPLE © 9 s+: 4 - 164 164a 164a 164a 
F 5 - : FINAL SCREENED 1644 DILUTED 1644 DILUTED 
ak FILTRATION SEWAGE. TO STORM WatTsR | To StorM WATER 
EFFLUENT. of M. & I. of half the M. & I. 
Albuminoid nitrogen |Albuminoid nitrogen 
| Standard. Standard. 
D - . - - - - - Monday, Wednesday, —— peer 
* take 29th October 1900 | 31st October 1900 j 
12.45 noon. . 11.30 a.m. . 
Temperature of sample - : i BE OS GR 19h) 14°4° C. (58° F.) — oe ) 
Temperature of air - ce 122°C. (54°.BY) 18°3° C. (65° F.) — —— . 
If jointed or incubated - : - a —— — 
Analysed - : - : - - | 30th October 1900 | Ist November 1900 — — 
1st November 1900. | lst November 1900. 


50 cc. Sewage, 
737¢.c. Tap Water. 
Incubated till 8th 


100 c.c, Sewage, 
737 c.c. Tap|Water. 
Incubated till 8th 


Parts per 100,000 by weight. 











Ammoniacal nitrogen— Novern bon November. 
(a) by direct Nesslerization 0:03 —_ (a) At atmospheric | (a) At atmospheric 
temperature. temperature. 
(b) by distillation - - 0:03 5-44 (b) At26-7°C (80°F. )} (b) At26-7°C.(80°F.) 
Albuminoid nitrogen - - - - 0:03 0:99 
Nitrous } cn a None. None. The “oxygen ab-|The “oxygen ab- 
sorbed” was deter- | sorbed” was again 
mined as before. determined. 
Nitric i; - . . - 0:59 Not done. — —— 
Total nitrogen by Kjeldahl, with re- 
duction (after making nitrite cor- 
rection) - - - - : - 0:67 ea ia mare 
lank - - - - - - - (0°17 in 1°10) (0°12 in 5°45) —— ae 
Correction for nitrite - - None. None. —— == 
“X’” nitrogen” - - 0:02 1°04 ata a 
Organic nitrogen by Kjeldahl, with 0°05 2°03 — ees 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 0°04 —— == rae 
Nesslerization. ' | (This stood a long | 
time.) 
(b) Taking ammonia by distillation =< — Ist Nov. | 8th Noy, | Ist Nov. | 8th Nov. 
Before After | Before After 
incubatn. | incubatn.|incubatn. | incubatn. 
(a) (b) (a) (b) 
Oxygen absorbed from permanganate 0:27 1°76 0-23 0:26 0-43} O14 | 0:14 0:17 
at 26°7° C. (80° F.); at once. : } 
Ss aig: Ms after four hours. 0°54 8:27 (a) Was putrid | After incubation | 
after incubation, (a) Was putrid 
Oxygen absorbed from permanganate and (b) very and (b) either 
in sample incubated for five days putrid. sweet or doubtful 
at 26°7° C. (80° F.); at once - - 0:27) 6 —— — (three observers). 
* ss A after four hours. 0°41 f days. —— —— —— 
Smell after incubation - - - Sweet. ot — — 
Chlorine ici. 73 77 — — 
Gases ; Parts per 1,000 by volume. 
Oxygen (by cuprous chloride) : 
(a) When sample was drawn - 2:25 eee end a 
(GO ars * » analysed -|{3°7) Two \ Bide 
\3°3f observers. wt. ; 
Standards weak- 
ening. 
Remarks (§- '400-'s) #2) rinse! Thislookeda beau: Very small 
tiful effluent, amount of light 
just like a| brownsediment 
tap water. Sewage smell. 
Practically no Alkaline. 


suspended mat- 
ter. i 


a ETS TSW EES I PC SRN CIE MRA IES SRN AS NS ST 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 


SPECIAL EXPERIMENT—continued. 


165 


FINAL FILTRATION 
EFFLUENT. 





Wednesday, 
3lst October 1900. 
1:0 p.m. 
NF C453" FB.) 
18-9° C. (66° F.) 


lst November 1900. 


165 


SMALL DUPLICATE. 


Jointed and put on top 
of Incubator 1st Noy. 
Inside 10th Nov. 


15th November 1900. 





0:09 
0°08 
0°04 


None. 


0°52 


0-71 
(0°17 in 1°17) 


None. 
6°07 
O11 


0°03 
(Stood a long time) 


0°25 
0°54 


0°10 
0°53 


No smell. 


2°00 


2°25 
2°50 
2°80 | 
Standards weakening. 


This was another beau- 
tiful looking effluent, 
ust like tap water. 
0 appreciable sedi- 


ment. 





Three 
observers 


By distillation 
0°56 


Clean, fishy-eartiy. 


Two 


observers 


about 1:0 
gis 
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FINAL FILTRATION 
EFFLUENT. 





Friday, 
2nd November 1900. 
12.40 noon. 
12:2° C.1 (54° EF.) 


14°4° C. (58° F.) 


3rd November 1900. 


167 


FINAL FILTRATION 
EFFLUENT 
From RYE GRASS. 


Saturday, 
3rd November 1900. 
12.30 noon. 
12°2 (54° F.) 
14:4 (58° F.) 


5th November 1900. 





0:16 
0:05 
None. 


0°43 
(*Oxalate 0°39 approx. ) 


0°76 
(0°17 in 1°23) 
None. 
0-12 
O17 


None. 
(Stood for three weeks) 


0.27 


0:14 
0°54 


Sweet. 


7:22 





{ Two 
1502 ob- 
| servers, 










Another excellent 
looking effluent. A 
little light - brown 
sediment. 

* This Nitrate 
estimation (using 
oxalate) is approxi- 
mate, because ™ 
blank gave a turbid- 
ity with the Nessler 
Reagent, while the 
estimation proper 
did not. 1 


Q 


0°63 
(0°17 in 1:06) 


None. 
None (--0°01) 


0°03 


None. 
(Stood for three weeks) 


0°12 


0°68 


0°29 ) - 
OF78if * 


Doubtful ; tainted. 
(Two observers. ) 


7:22 


about 1°75 


less than 0 "50 | Two 
ea Os 
about 0°30 | servers. 
(Standards weakened) 


Another beautiful 
looking eftiuent, con- 
taining a mere trace 
of grey-brown floc- 
culentmatter. Clean 
smell (slightly fishy- 
earthy). 





days. | 


167a 


(SMALL SAMPLE) 
ARABLE FIELD 
EFFLUENT. 


Saturday, 
3rd November 1900. 

12.20 noon. 

13°3 (56° F.) 

14:4 (58° F.) 
Jointed and put on top 
of Incubator 5th Noy. 

Inside 10th Nov. 


Opened 
15th November 1900. 


When opened, the 
flocculent matter in 
this was black (?) 
and the liquid putrid, 
with a strong smell 
of sulphuretted 
hydrogen. 





Not analysed. 


r SS SSE SF SSN A CN 
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CROYDON 


(BEDDINGTON) SEWAGE FARM, 1900. 


SpeciaL EXPERIMENT—continued. 








No. OF SAMPLE - : : - - 168 
NATURE OF SAMPLE 2 - - | FINAL FILTRATION 
EFFLUENT. 


168 


SMALL 
DUPLICATE. 








Monday, 5th Nov. 
1900, 12.50 noon. 


' 


Drawn - - : - - - 
Temperature of sample 12°2° C. (54° F.) 


Temperature of air - 14°4° C. (58° F.) 


If jointed or incubated 


Analysed - - - - - 6th November 1900 





Jointedand on top 
of incubator 6th 
Nov. ; inside 
14th. Nov. 
27th Noy. 1900. 









169 169a 
FINAL (SURFACE ARABLE FIELD 
IRRIGATION) EFFLUENT. 
EFFLUENT OFF 
RYE-GRASS. 


Wednesday,6th Noy.| 6th Nov. 
1900, 12.40 noon. 12 noon. 


12°8° C. (55° F.) 12°8° C. (55° F.) 
13°3° C. (56° F.) 13°9° C. (57° F.) 


1900, 


ae. | Jointedand on oe 
of incubator 7t 
Nov.; inside 15th 


ov. 
7th Nov. 1900. Opened 19th Nov. 
1900. 











Parts per 100,000 by weight. 





Ammoniacal nitrogen— (B) (A) 
(a) by direct Nesslerization - 031 a 
(b) by distillation — - - - = 0:26 — 
Albuminoid nitrogen - . - 0:03 — 
Nitrous m - : - None. —— 
Nitric 33 - - : 0°35 — 
Total nitrogen by Kjeldahl, with re- 
duction (after making nitrite correc- No sugar. | 
tion) . - - - - - 0°64 060 | 
Blank - - - - 2 (0°17 in (0°12 in 
1:06) 0-97) | 
Correction for nitrite - : : - None. | 
| 
“X” nitrogen None. 
Organic nitrogen by Kjeldahl, with 
reduction - - 0°03 


Organic nitrogen by Kjeldahl, without 
reduction :—* 


(a) Taking ammonia by direct | *None (— 1°12) 
Nesslerization. (Nesslerized Noy. 


27th) 

(b) Taking ammonia by distillation None (— 0:07) 

Oxygen absorbed from permanganate 

at 26°7° C. (80° F.); até once - 5 
after 4 hours. 


o° 
KS 
oe 


” ” 


Oxygen absorbed from permanganate 





by sample incubated for 5 days 
at 26°7° C. (80° F.); aé once - - 
after 4 hours. 


0'14\q:; 
0-60 tSix days. 


” ” 


Smell after incubation - Like that of No. 167, 
7.€., not quitesweet. 


This is curious. 


Chlorine - - - - 7°34 
Gases ; Parts per 1,000 by volume. 
Oxygen (by cuprous chloride) :— | 
(a) When sample was drawn 1:0 | 
2°0 | 
5 three 
(b) a2 a » analysed - ee observers 
Standard deteriorated 
Remarks - - - - - | This again looked a 
beautiful effluent, 
just like tap water, | 
with—one may 


say—no sediment. 
Smell clean and 
slightly 


fishy- 





earthy. 


0°22 
0°04 


i 0-29 


Clean, slightly 
fishy-earthy. 


None, or practi- 
cally none. (New 
standard tubes). 


This is a very good 
effluent, though 
the aeration was 
so slight. 


*Note to-the Kjeldahl without reduction.—Most of the clear alkaline liquid 
was poured off, the remainder shaken up, and 10 ¢.c. of the muddy liquid 
taken for distillation. This,brought the Kjeldah} out to 0°41 (as against 
019 in the actual estimatior/ with the clear liquid), without allowing for 


the volume of the solid. 
This indicates absorption of ammonia. 





(B 

1°32 
0°96 
0:06 


0:04 





0°04 


No sugar. 
1:30 1°48 
(O17 in (0°12 in 
1°79) 2°20) 
+ 0°02 


0°20 


0°28 


None (— 0°56) 
(Nesslerized about 
Nov. 27th). 
None (— 0°20) 


0°24 
0°59 © 





0-59) Sx days. 


Distinctthough faint 
smell like am- 
monia on shaking 
bottle. 

7°70 





4:0 
3°5 | three 
4:0 obser- 
4°0 approx. } vers. 


Lemon-coloured but | This effluent had 


clear, witharather| a strong sewage 
large mass of red-| smell when 
brown flocculent | drawn. Afterin- 
matter at bottom | cubation.the se- 
of bottle. Clean,| dimentwasblack 


and the liquid 
strongly putrid. 
Not analysed. 


fishy-earthy smell. 





172 


FINAL SURFACE 
IRRIGATION 
EFFLUENT. 
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BEDDINGTON SEWAGE FARM, 1900. 


SPECIAL EXPERIMENT—continued. 





172 


SMALL DUPLICATE. 


173 


FINAL SURFACE 
IRRIGATION 
EFFLUENT. 





173 


SMALL DUPLICATE. 





Friday, 9th November 1900, 3.15 p.m. 


11‘1° C. (52 F.) 
10°6° C. (51° F.). 


10th’November 1900. 


Jointed and put on top 
of incubator 10th 
November ;__ inside 
17th November. 

Opened 27th Novem- 
ber 1900. 





Saturday, 10th Novem- 
ber 1900, 1°45 p.m. 


8-9° C. (48°F.) 





10°6° C. (51° F.) 


12th November 1900. 








(Almost certain! 
(A) 


1:23 
0-715 


js one. Done by oxalate. 


No sugar. 
1°79 
(0-12 in 2°67) 

None. 


0°41 


0°56 


2°5 Two 
2°75f observers 


Standards weakened. 


Distinctly turbid, but 
with no appreciable 
sediment. Clean fishy- 
earthy smell. 


same bottle) 


(B) 
1:27 
0-12 


| 


None. 


None. 


17 
(0°13 in 2°64) 
None. 


0:32 
0:44 
*0-11 (November 27th) 


0°42 


taining calcium 
oxalate) treated as 
in No. 168. 


Found :— Kjeldahl = 
1:49, as against the 
original figure = 1°38. 

This again indicates 











This sample was now 
very putrid, and the 
small] amount of floc- 
culent matter was 
dark grey in colour. 

Not analysed. 





* Muddy liquid (con- 


Me oir 


| about 5:0 f observers. 


Almost certainly same 
(B) bottle. (A) 





0-10 
| 0-01 
| 0-20 


No sugar. | 
1-23 1:03 


(0-13in1°91) (0°12in1°57) 





| 
| | 
| +001 | 

| 
| 0-15 | 
| 0:25 


| 


*none (— 0:05) 27thNoyv.| 


0-08 


| loa pSeven days. 


No smell (sweet). 


7°30 


4°75\ | Two 





Jointed and put on top 


of incubator 12t 

November ; inside 

17th November 
27th November 1900. 


0°73 


0:06 
| 0:21 
J 
Sweet 


None, or practically 
none. 





Standards weakened. 


This looked a good 
effluent, slightly 
lemon-coloured, with 
a small quantity of 
brownish flocculent 
matter in it. Clean, 
slightly fishy-earthy 
smell. 


*Muddy liquid treated 
as in Nos. 168 & 172. 
Kjeldahl = 0°81 as 
against the original 
figure =0°72. 

Again absorption. 





\ absorption. 


6225. 


») 


Q 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 


River Water alone and admixed with Effluent. 
_ eee 
No. oF SAMPLE -  -~ - Bin 44 45 46 47 


TAT ate : = GENERAL RIVER WATER RIVER WATER RIVER WATER 
eRe oem ae FINAL EFFLUENT. | 340 yards above | 130 yards below | 360 yards below 
Effluent Outfall Effiuent Outfall | Effluent Outfall 
(at Bin Mr. Ker- (at Cin plan). (at D in plan). 
shaw’s plan). . 














Drawn - : 2 L : : -| Monday, 26th Feb-| Monday, 26th Feb- | Monday, 26th Feb- | Monday, 26th Feb- ) 


ruary 1900, 4.35) ruary 1900, 4.15} ruary 1900, 5.5; ruary 1900, 5.30 , 
p.m. p-m. p-m. p.m. 
Temperature of sample ae ae =| 13°3° CL (56>) 12°2° C. (54° F.) 13°3° C. (56° F.) 11:1° C. (52° F.) 


Temperature of air - - - - —— — — aes 








Tf jointed or incubated - - - — rs ra = = 


Analysed - - - : - - | 27th February 1900.} 27th February 1900. | 28th Feb. 1900. | 2nd March 1900. 





Parts per 100,000, by weight. 





Ammoniacal nitrogen : 
(a) By direct Nesslerization - - 1°73 approx. Turbid. 2°02 (2) Turbid. 
(b) By distillation - - - 2°06 © 0007 1:84 | 0039 
Albuminoid nitrogen - - - - 0:23 0-011 0°35 0°024 
Nitrous ns 0:07 None. 0:04 None. 
Nitric z - - - - 0°54 0°708 O47 © F 0°729 
Total nitrogen by Kjeldahl, with 
reduction (after making nitrite 
correction) 5 - = - - 2°97 0°741 3°28 1:015 
Blank - - : - - - (0°40 in 5°10) (0°40 in 1°59) (0°40 in 5°63) - (0°40 in 2:03) 
Correction for nitrite - - - - +0°04 None. +0°02 None. 
“XX” nitrogen - - 0:07 0°015 0°58 0:123 
Organic nitrogen by Kjeldahl, with 
reduc tion - - - 0°30 0:026 0:93 eas] 


Organic nitrogen by Kjeldahl, without 








reduction : | 
(a) Taking ammonia by direct | 0:39 approx. — —— —— 
Nesslerization. | j 
(b) Taking ammonia by distillation | ——- 0:052 0°05 0073 — 
Oxygen absorbed from permanganate | 0°80 0°41 0°57 0-11 
at 26°7° C. (80° F.); at once. | i 
* 3 » after four hours. 2°06 0°85 : 1°92 0:43 i a 
“ana 4 ( & 
Oxygen absorbed from permanganate 
by. sample incubated for five days | 6 Days. 2 Days. 
at 26°7° CO. (80° F.); atlonce| - - 0°43 0°54 “0°. Sty 0°57 0:09 
e A » after four hours. 1°47 1°59  |Too little to Dave 1:23 0:25 
estimate. hg 
Smell after incubation - ; - - Strong earthy. Sweet. Slight earthy. No smell. 
Obloring I 40F o> 4-1 > afattzeed Ih 6-46 1:52 618 2-02 
Gases: Parts per by 1,000 volume. 
Sarbon dioxide (free) - - - - 29°36 $25" 30 29°29 17°25 
Oxygen (boiled out) - . - 4°76 7°52 251 6°34 
‘ yen (by ecuprous chloride) 
(a) when drawn - - - —— a —— —— 
(b) 4, analysed Ses peacctin T: se a —_ —t) 
’ 
Nitrogen - - : - - - 14:54 14°75 14°61 ~ 14°98 
Remarks : : . . - | Distinctly brownish | Comparatively |Opalescent and|Clear, but with 
and turbid, with] colourless, butcon-| slightly brown,| some greyish- 
anappreciable| tained an appre-| with a small} brown aggre- 
amount of floccu-| ciable amount off amount of| gated organic 
lentmatter. Fishy- | brownish flocculent; brownish floccu-| matter. No 
earthy smell. Very | matter. Nosmell.| lent matter.| smell, 7.e.slightly 





alkaline. Alkaline. Much| Decidedly alka- earthy. Slowly 
—_—_—___—_————| lime, but practic-| line. A great| alkaline. Much 
ally nosulphate in| deal of lime and| lime in solution, 
solution. much sulphate} but not very 
if in solution, much sulphate. 


+ In boiling out the gases, I filled a 
250 ¢.c. flask in the forenoon and boiled 
out from this in the afternoon. 
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CROYDON (BEDDINGTON) SEWAGE FARM, 1900. 


River Water alone and admixed wiith Effluent. 





150a 154a 
RIVER WATER RIVER WATER 
above above 


Effluent Outfall. 


Effluent Outfall. 


155b 


RIVER WATER 
containing Effluent 
drawn 360 yards 
below 


L Effluent Outfall. 


156a 


RIVER WATER 
from just above 
Effluent Outfall. 


160a 


RIVER WATER 
containing Effuent 
drawn 360 yards 
below 
Effluent Vatiall. 


166a 


RIVER WATER 
containing Effluent 
drawn 360 yards 
below 
iitiuent Outfall. 








Wednesday,3rd Octo- 
ber 1900, probably 
about 2.30 p.m. 
11°7° C. (53° F.) 
12°2° C, (54° F.) 
Jointed and ineu- 
bated 4th October. 


13th October 1900. 





Jointed and 


Tuesday, 9th Octo- 
ber 1900, 2.30 p.m. 
144° C, (58° FE. 
17°8° C. (64° F.) 

ineu- 

bated 10th, October. 


Thursday, llth 
October 1900, 
1.35 p.m. 


10°6° C. (51° F.) 
13:3° C. (56° F.) 


Jointed and incu- 
bated 13th Octo- 
ber. 


18th Oetober.1900. | 19th October 1900. 





ber 
p.m. 
8°9° C, (48° F.) 
10:0° C, (50° F.) 
Jointed and ineu- 


bated, 16th Octo- 
ber. 


1900, 3.15 





23rd October 1900. 


Monday, 15th Octo- 





Thursday, 18th. 
October 1900, 2°45 | 


p-m. 

11:1° C, (52° F.) 

144° C, (58° F.) 
Jointed and incu- 





bated 19th Octo- 
ber. 


Ist November 1900. 


Friday,2nd Novem- 
ber 1900, 11.20 
a.m. 


Not jointed, but 
placed on top of 
incubator, 
3rd November. 
13th Nov. 1900. 








None. 
0°12 





Quite sweet. 


(Two observers). : 
Quite 7°0 ¢.c. 
Query : Standards | 
weakening ? 





it 


0°45 


ad 


More than 6°0 
o >| Three 


os 5 f observers. 
Standards 
weakening ? 


Note.—There was a 
bubble of air or 
gas (about 0°3 c.c.) 
at top of bottle 
when opened. 





Dieta 1 Oea 
tion. Jate. 
\ 0°53 } 0-56 


7ors8 | 
8:0 
WED 
The standard 
tubes must 
have faded. 


Three 
observers. 


Distilla- Oxa- 
tion. late. 


Loss Wie 
j O51 7 0-48 


Note.—In this 
case the ‘couple’ 
bottle. with 
contents, was 
weighed, to see 
if any Joss in 
weight took 
place overnight 
through the 
stopper. 


Oct, 23 =271-0 grm. 
Oct. 24=270°8 grm. 


This loss is there- 
fore not appreci- 
able, i.e., less 
than 0°1%. 


The “Bianke 
bottle, with con- 
tents, gave :— . 

grm. 

23 = 289:1 

24 = 289°0 

oss 1s even 


Oct. 
Oct. 
This 1 
less. 


6 ¢.c. or over. 
(Three observers). 


Clear and nearly 
colourless, but 
with an appreci- 
able amount of 
greyish sedi- 
ment. 


Distilla-  Oxa- 
tion. late. 
er Fae 
J 0°50 f 0:54 
LON. Lwo 


| 


6°5 f observers. 
Standards 
weakening. 


was clear 
and nearly 
colourless, with 
a little sediment. 
No smell. 


This 


Note.—There was 
a bubble at top 
of bottle. 


Distilla- Oxa- 
tion. late. 
} 0°53 \owl 


7:0 to 8:0 approx- 
imate. 

(But standards 
were old.) 


The river was 
rather high 
when this sample 
was drawn. 
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Diagram N° 77. 


CROYDON ( BEDDINGTON ) SEWAGE FARM. 


SEWAGES. CURVES. 





FEB"YI900 OCTOBER {900. JANUARY, 1902, 


CHANGE SAMPLES “HOURLY SEWAGE SAMPLES. ~ 
= ee) ee 


—— ee Oe 
N° “ 36 40 149 152 i858 16! 164%443 444 445 446 447 448 449 
Scr, Scr. S&S. S&S. Scr. Scr. Ser. Ser Scr Scr Ser Ser, Scr Ser 









































































































1 | | 
149 152 158 161 164°443 444 445 446 447 448 449 
cr. S&S. S&S. Scr. Scr Ser. Ser. Ser. Scr Ser Ser Scr. Ser. 





Netire of Sewage 
Ser = Screened 
S&S = Screened & Settled. 





REFERENCE 
Parts per 100.000, by Werght. 


Albuminoid Nitrogen........Shewn thus _ 


Organic Nitrogen hy Kyeldahl, 
with 


y edi Cllon) ae 


Orgaruc Nttroger by Hyeldaht, 


without REGIA a 
Anmmoniacal Nitrogew. ----~------------- ae 
Total Nitrogen by Kjeldahl. 

With: LOOM TLOT eee Piet 
‘Qoy ger absorbed’ from Permanganate 

at, 26°7'C(S0O EK) in four hours. —.-----.. 
Chlorave:( Combined) ere te ee 
Solids tv Suspension (Gravimetrically) 

(Scale divided ty 10)... —— 
Cellulose (still condatnng fat)... -- 


Parts per 100.000. by Volume. 
Solids tv Suspension (by Certrituge) 
(Scale divided by 10) 
Note 
Figures in the Vertical line represent 
Parts per 100.000.” 


Figures tvthe Horizontal line represent 
the nmunbers of the Samples analysed, 


A dotted line uw used when there is aw 
break in the curve. 


Weller & Graham. Ito Litho Loidon 





DON (BEDDINGTON) SEWAGE FARM. 


meee ee, 2YP FIELD: EFFLUENTS. 























CURVES. 
1st FIELD EFFLTS 2° FIELD EFFLUENTS. 
———___ Ly ~—$——_—_——_---— + 
FEBS 1900 OCT#I900/ FEB?YI800 OCTOBER, 1900. 
= Sep 2, ee ee Se eee oo ; 
87 4! ‘150.38 42°51 151 IS! 153 IS9 153 156° REFERENCE 
Jointed Incub® Jointed Incub? 
Sliq tly | Slightly | | 
‘ ‘cy eae ae i eee oe. Smell of Samples when drawn Sheww thus or 
te ; 4 OF ILD Scudders Incubation Test. ee 
| 
vile emieeT Ss * . . 
“song | — HM Incabation test, as Judged by Smell ij oe 
eppermin | 


TT 














Parts per 1000, by Volume(C.C.per Litre) 











Dissolved Oxygen when sample was analysed: 














Parts per 100.000, ty Weight, 








Ammoniacal Nitrogew. ___.. Shewn. thus — 














Total Nitrogen by Kjeldahl, 
AVELIE MICE LL CLL OTUs eee 








Nitric + Nitrous Nttrogen (together) .-—— 














“Oocyger absorbed from Perm anganate 
at £6°7 C(80F:) tw tour hours.___-- 














Chlorine (Combined) __.. ~~ -- Pye nr id Peek 








——————— eeeeeeSSSeSSSSSSSSSSSsSSFSSSSSSSSMSMMSsF 








Parts per 100.000, by Werght, 





Al buminoid: Nitrogen... Sewn thus 




















A Organic Nitrogen hy Kyeldahtl, 
with Reduction..._...-_-.--.----.... -———-— 








Organic Nitrogen by hyeldaht, 
without Reducttow, .-.----------.----}- 














Note 
Jointed’ Indicates aw sample jointed and 
allowed to stand at laboratory temperature . 


« ” 

Incabiuted Indicates a sample jointed and. 
wlowed to stand for five days or longer ata 
temperature of 26.7°C (80°F). 


‘Ports per 100, 000” i 








37 4! 150 38 42 St IS! IST iS3 153 153 156 Figures tr the Horizontal line sere 
Jointed incubd — Jointed Incut# the numbers of the Samples analysed . 


A dotted lire ts used when there is a 
, break we the carve. 


Dissolved Oxygerr wher sample was drawn Shewn thus —_... 


er 
Ta A he) Soba Oy eee ae 
hts cabal ee ets eens Paw 
hye we, lf 
uaben ieee if 


7 + 


hi x 













Diagram WN? 19. 


Crovvon BEDDINGTON 


CURVES, 


OCTOBER, 1900. 
39 394 43 44 44.153 153 153 154 155 155 135" 156 187 (57 15 
Jointed Jointed Incub4 Incubd incubd 


Tae 





FEBRUARY. 1900. 








SEWAGE 





FARM. 


St? FIELD FINAL AND GENERAL elt) LE BL 










OCTOBER. 19 O1. 


oN eTeEeEeeowsaoOsxh Too 
9 (59 159 nee '369 369 7o76 376 380 380 384 384 
Jointed Incub4 Incub4 Incub4 Incub® Incubs 


fe See Smell of Samples when drawn Shewn tus 4- — 


REFERENCE 

















 JISRGRe 


> TEM C5 


Seen 
-TIRESESSSRERERESEaioaty 


i eee ae D Scudders Incubation Test. -----~------- + = 


i alee Incubation testas judged by Smell ~- — 








Parts per 1000, by Volume(C.C.perLitre) 








Dissolved Oxyger wher sample was drawn Shewn thus —— 











Dissolved Oxygen wher sample was analysed 

















Parts per 100.000, by Weight. 

































































Ammoniacal Nitrogew,...-  Shewn this = 
Total Nitrogen by Kyeldahly 
with Reduction. __--.---------------- == 














Nitric + Nitrous Nitrogen (together). -————— 











Osy- ger absorbed trom Permanganute 
at 26°7 C(80F) teu 1007 hours 22a eanaeeaeesn 























Chlorine (Combined) 




















- 





eS 





















ae 








+= —p— 1 ie 


eae | 





Parts per 100.000. by Volume. 


























ae 














Sie ae- 1 ; is ie Solids in Suspenston (hy Centrifuge) 
—o 9 9 tT 9 (Scale divided by 10) 














Parts per 100,000 by Wetght. 


















5 155 155° 1S6 157 157 


44 44 153 153 153 154 15 d 
Incub? Incub® 


Jointed Jointed !neubé 
a "Indicates a sample jointed and 
a? stand at laboratory tenperatare, 

| UCU bated Indicates a sample jointed and 

glowed to stand tor five days or longer atw 
mperature of <6. 7°C (80°F), 


159 159 159 sf09 369 369 376 376 380 380 384 38 


Albuminotd Nitrogen 


fe 











oh 
4 
Pa A 
a 
a \ 
% 
\ 


mime NEES 
mers i ca Ds Ee es 


A 


Organic Nitrogen by 4geldahl, 
ES eee 





Organic Nitroger by Kjeldahl, 
AVOCA OWL LOCO CLUOTY a ae eee Fei 


Jointed Incub? Incub4 Incub? Incub? | neat 
Note 
Figures tn the, Vertical line represent 
‘Parts per 100. 000.” 


Figures tn the Horizontal line represent 
the numbers of the Samples analysed, 


A dotted) line ts used wher there ts.a 


break in the curve. 
Wetler&Graham Ltd Litho.London. 
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Dhiagrany N° £0. 
Engineering Report Diagram). 












| The lower shaded portion gives 

| the datly amounts of sewage 

| applied to the firs¢ Tteld) tr 

| gallons per acre, calenlated 5° 
aLthe 16 acres. 

The Red & Blaelmes give the 

| actual guontities of sewage 
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90.000 
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89.000}. 


t$2) 
Boer eR 2 
Fp, Sp... 


70.000 


3p.7. 


60.000)- 


Tp. 


50.000}.-}.— 


Sample WN? 161 
Yam Noon 


10 am 


Iam, 


Wellcr & Grahams. L¢é LiLho. London, 


lime samples were taken 
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Diagram N°? 27. 


DON (BeppDINGTON) SEWAGE FARM. 
_ SPECIAL EXPERIMENT 

FINAL FILTRATION) EFFLUENTS. 
GURV ES. 


[= AND NOVEMBER 1900. 
<< AS eee 
7 a , 164 165 ee 166 167 168 iss 169 172 172 173 oe REFERENCE 


Ml | wexceptentednny Sewer te 
‘RRR EREE D  Seudders Incubation Test----------- pee 
Dk A LN catenin cast an judged ty Smell - — 
JESSE ; 





/Eeeeanaaal 
Ree vy ert 


l er - ae ee 


Parts per 100.000. by Weight. 


(SERRE: 
JSR 
JERE 

JERR 


—— 


f Be eel ee 
: qi tft eS CAST Parts per 100.000. by Weight: 


Peele | % en absorbed from Fi anate 


ibs 


Albuminotd Nitrogen. -- _ dShewn thas 


HEN A Or ee ig eed ; 
a ae 
Z| Ide | LATE nah BILLIE. 


165 165 166 167 168 168 (69 172 [72 I73 173 | 7, - Seco Sees 
Incub# Ineub? Incub? Incub? 


Figures th w the Vertical line represent : 
"Parts per 100.000.” } ‘ PS NEY, 
Figures tthe Horizontal line represent allowed to stand for five days or longer atw 
th Shere of the Samples analysed . of £6.7°C (80°F. a} 

A dotted line ts used when there is w 


fi 0 
break tn the curve. 
: Weller &Graham. Lt? Litho. London. 


A 


Dissolved Osygen when sample wes analysed_____.---~---. 


ee) ee ern ets —— 
Ee = ec 
| Wh: REALOLON (2 ae ‘3 eee 


ReSGe)) ee | 
eS ae ab 30-7 C(80%) in fur houree aon 
= F 


php tape arts per 1000, by Volume(C.C.perLitre) 
fie ye. MeN | Dissolved PEED wher es ae afin 0ST age eee 
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Diagram N°? 22. 


CROYDON 





BeEvpiIncTon) 
SEWAGE FARM. 
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LEICESTER SEWAGE FARM 


CHEMICAL REPORT. 


. Situation of farm.—Beaumont Leys, about two miles from Leicester. 
. Total acreage of farm.—1,699 acres. 

. Total irrigable area.~—1,350 acres. 

panei area irrigated at one time.—About 337 acres. 

. Population draining to farm.—197,000. 

. Population per acre irrigated.—-146. 

. Gallons of sewage per head per day.—36°'8. 

. Dry weather flow of sewage per 24 hours.—7,250,000 gallons. 


. Gallons of sewage treated per acre per 24 hours.—21,500. 


Gallons of sewage treated per acre per 24 hours, on the assumption that each 
acre of the irrigable area is under sewage all the time.—5,370. 


Character of the sewage.—About three-fourths domestic and one-four t 
trade refuse. 


. Method of treatment.—Screening, settling tanks, surface irrigation and 


filtration combined. 


General character of the soil and subsoil.—Stiff clayey soil, overlying dense 
clay. 


Separate or combined sewerage system.—Partially separate. 
The final effluent is discharged into Anstey Brook, flowing into River Soar. 


Number of years farm in operation (before 1900)—9 years. 





LEICESTER SEWAGE FARM. 


The Leicester Sewage Farm dates from the year 1890. It may be taken as 
affording a typical instance on a large scale of broad irrigation over clay soil, combined 
with filtration. As the farm slopes on both sides from a central ridge, the effluent 
can be easily picked up from the drains at the foot of one field and sent over a second, 
third, or even a fourth piece of ground. In the Engineering Report* Mr. Kershaw 
has entered fully into the system of treatment adopted at this farm, and has also 
discussed the question of what quantities of liquid relatively are dealt with on 
such ground by broad irrigation and filtration respectively. It is obvious, however, 
that true filtration through a clay soil and subsoil cannot be rapid, for we may not 
look upon the escape of sewage through large cracks in the soil into the drains 
beneath as coming under that category. The effluents are therefore to be regarded 
in the main as surface irrigation efluents, mixed with a varying quantity of filtration 
effluent, from two, three, or even four treatments of roughly screened and settled 
sewage. ‘he capacity of the settling tanks, however, is so small at Leicester (holding 
as these do less than 10,per cent. of the normal flow) that the settlement is not good, 
though considerable further deposition takes place in the carriers. The screenings 
from the pumping station are sold. The sludge at the farm is partly ploughed into the 
ground and partly sold to farmers. 


The average depth of the drains is 4 feet, though, when new ones are put in, the 
depth of these is only 3 feet. There is practically no subsoil water on the farm. 


With reference to the question of percolation through clay soils, Dr. A. P. 
Aitken of Edinburgh, who as chemist for many years to the Highland and Agricultural 
Society has had a wide experience on the subject, writes as follows (he has kindly 
allowed me to quote this) :— 


“The permeability of clay land is a thing you cannot generalise about. 
Every field has its own kind of clay, and nothing but practical experiment can 
show whether the drains are drawing well, or over what area they are drawing. 
In most clays of a very stiff kind almost nothing is drawn through the soil 
more than a yard or so on either side of a four-foot deep drain, but you can 
easily test the matter for yourself by digging shallow holes on the top of the 
ridges, filling them with salt water, and seeing how soon the chloride is visible 
in the drainage water. After heavy liming, a heavy clay becomes somewhat 
porous, but it will take a long time for lime to ameliorate by granulation a 
layer of clay four feet thick,” 
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Soil and Subsoil. 


Mr. Kershaw describes these 


as follows: 


— ‘The soil of this farm is of clay. 


The surface soil over the greater portion is of a stiff clayey nature, 6in. to 12in. deep, 
over 2ft. 6in. to 3ft. of yellow clay, overlying hard boulder clay and the Keuper marl. 
About 25 to 30 acres in the vicinity of the Anstey Brook is of rather a better 
nature, having a certain depth of alluvial soil.” 


The mechanical analysis of the soil, both unboiled and boiled before elutriation, is 
given in the following table. The stiff clay subsoil was not analysed, excepting for 


the quantity of lime that it contained :— 








SURFACE SOIL PER CENT. 














For a discussion of the figures 
Section upon Soils, page 275. 
6225, | 
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0-467 














‘a | SuBsarn. 
NAME OF FRACTION. Not Boiled. Boiled. PER’ 
Rup ay CENT. 
Not | 7,,; Differ-| Not rl Differ- 
Ignited. | Toad, ence. | Ignited. Ignited. | once. 
Fine “Gravel” (above 2 m.m. diameter) 5°66 4°63 9°92 9°45 0-47 — 
Coarse ““Sand”( ,,, 1mm. ,, -) -| 2°38 181 1:60 1:20' e040) fe = 
Moaticmane (4, 0D mm. ..,,  )° - 1:28 0-97 1°40 1:07 0°33 — 
Medium “sand”( ,, 025mm. , ) -| 2°28 172 1-60 1-28 | 0-32 m 
“Sand ” (0:25 to 0:05 m.m.) - ~ - | 37:02 34°16 37°16 34°54 2°62 ae 
“Silt” (0°05 to 0-01 m.m.) Se Gy 35-99) 1h 99°75 27-93 | 23:52 | 441 | — 
“ Dust” from (0°01 m.m. downwards, which 
settles from water in 24 hours) - - | 10°98 9-30 13°27 1121 2°06 = 
“Clay” (ae., the still finer residue precipi- 
tated from water by dilute nitric acid) - 4°61 3°88 4-78 401 0-77 = 
Loss on ignition (separate determination) - — 11°52 13°05 — — 
99°44 97°74 97°66 99°33 | 11°38 = 
Real specific gravity of soil dried at 110° C. 2°520 —— — —- _- — 
: - 1-197 
Apparent specific gravity - : - - 1-399 \ — — — = — 
Number of particles in 1 gramme of the 
ignited soil (approx.) — - . - 2,204,335,000 — — — — 
Number of particles in 1 ¢.c. of the 
ignited soil (approx.) - - - 2,744,416,680 = — — — 
Weight of water retained by 100 grammes 
of the soil when fully drained - —- 47°5(4) _ —- ~— “= nas 
Parts per 100,000. 
Lime dissolved by water in 24 hours - -| 0-073 — 0-017 nen aif 
Lime dissolved by water saturated with car- 
bonic acid, in 48 hours. - - - - 0:554 as — ote me 


table, the reader is referred to the 
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Volume Treated per Acre, ete. 


The sewage contains about a quarter of its volume of trade refuse, which comes 
from 11 dye works, 10 wool-scourers’ and spinners’ works, two fellmongers and one 
currier. This refuse is thus largely of an objectionable nature. 


The normal dry weather flow of sewage is 7,250,000 gallons per 24 hours, and the 
population draining to the farm 197,000. This gives 37 gallons of sewage per head of 
population and 146 persons per acre irrigated. But, since 10,000 persons on the pail 
system are included in the 197,000, the above figure for population per acre ought— 
strictly speaking—to be reduced slightly. 


The trade refuse has not yet been investigated for the Commission, but if we 
assume it to be equally amenable to treatment with the sewage (which it probably 
is not), this would add the equivalent of about half as many people again, 2z.e., would 
increase the number draining to the farm from 146 to about 220 persons per acre 
(because the volumes of domestic sewage and trade refuse are roughly as 52 : 28, 
leaving the remaining 20 volumes of well and subsoil water out of account), 


The water supply is only 19 gallons per head, so the combined sewage must be 
made up roughly of—- 


Domestic sewage - - - - - - 92 per cent. 
Trade refuse - 2 E - = + 23: ae 


Well and subsoil water getting into the sewers - 20 ,, _,, 


Mr. Kershaw has described fully in his Report* how storm water at Leicester 
is dealt with, twice the dry-weather flow being treated on the farm. 


= 

The irrigable ‘area at the Leicester farm is 1,350 acres, of which 448 are arable 
and 902 pasture (7.2, 1:2). About one-fourth of this surface is irrigated at a time, 
an acre therefore dealing with 21,500 gallons in 24 hours. But if we make, for purposes 
of comparison, our usual assumption that the entire irrigable area is under sewage all 
the time, then one acre at Leicester treats 5,370 gallons of sewage per 24 hours throughout 
the whole year. 


Four visits were paid to Leicester, viz., in November, 1899, August and September, 
1900, September and October, 1901, and February, 1902. 


Nature of Sewage (Diagram No. 23). 


As already stated, this is screened and settled, but the settlement is only for 
about two hours, or a little longer. The sewage, though of moderate strength as 
regards nitrogenous matter, contains relatively a large proportion of oxidizable 
substance as measured by the “oxygen absorbed ” test, this being without doubt due 
to some of the manufacturing refuse present. The sewage arrives at the farm in a 
well broken-up condition. 


Fight samples were analysed—five chance ones and three sets of hourly samples | 
drawn in equal quantities every hour for three days. The hourly samples will there- 
fore be somewhat weaker than a true average, taken according to the rate of flow, 
would have been; but probably not very much weaker, seeing that a pumping scheme 
always has a tendency to equalise the hourly variations. The chance samples were 
taken in November, August and September 1900, and the hourly samples in F ebruary 
1902. Excepting No. 136, which was drawn when only one tank was in use, and — 
which would therefore contain more than its fair share of suspended solids, the 
chance samples were distinctly the weaker, though drawn usually about noon. In — 
making any approximate calculations, therefore, as to purification, ete., the figures — 
obtained from the hourly samples will be mainly relied upon, ali the more, as no rain 
fell while these were being drawn; although there were three inches of snow on the — 
ground at the time, no thaw occurred. | 

; 


All the samples, chance and hourly ones, contained very considerable quantities 
of sediment. In No. #36, a chance sample, the sediment was very hard to break up, 
but in the hourly samples the solids were rather finely divided ; it will be seen that 
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hair was noted as present in all the three latter. The fact of 34 to 35 parts per 
100,000 of suspended solids being found in the hourly samples proves that the settle- 
ment in the tanks is only moderate (Mr. Kershaw states in his Report that about 
half of the suspended solids of the sewage are deposited in the tanks). Still, the system 
adopted at Leicester of (partial) settlement in tanks and carriers, with irrigation first 
over arable land and then over pasture, is sufficient to prevent the soil becoming 
permanently choked, for Mr. Kershaw has observed that the roots of the grass are 
not injured by clogging. 


All the samples that were tested for their reaction were alkaline. Nos. 469 and 
470 (hourly samples) are noted as having a smell like that of hippuric acid. The 
temperatures of the chance samples did not vary greatly, though they were drawn in 
November, August and September, the limits being 12'7° to 17'7° C. (55° to 64° F.). 


The following is a summary of the more important analytical results :— 


: Average. 
Total nitrogen—(a) 5 chance samples (2°90 to 8°61) - - - - 557 
(0) 3 sets of hourly samples (7°32 to 9°16) - - - - 8:12 
Ammoniacal nitrogen—(a) 5 chance samples (2°90 to 8°61) = - DDT 
(>) 3 sets of hourly samples (7°32 to 9°16) - : . - 8°12 
Total oryanic nitrogen—(a) 5 chance samples (1:18 to 2-41) —- - 1°68 
(6) 3 sets of hourly samples (2°10 to 2°53) : . . . 2°34 
Albuminoid nitrogen—(a) 5 chance samples (0°66 to 1°70) - : 1-11 
(>) 3 sets of hourly samples (0°97 to 1°44) - : : - baa, 
“ Oxygen absorbed” in 4 hours at 26°7°C. oe F. sce (a) 5 chance 
samples (7°77 to 16°41) - - : ~ +) 12°45, 
(b) 3 sets of hourly samples (2028 to ) 24-83) - - . Be ay 3)5. 
Chlorine—(a) 5 chance samples (3°51 to 11°94) - - : - 8:10 
(b) 3 sets of hourly samples (12°50 to ae : . - - ,13°38 
Chlorine in water supply - - - : - - 1°93. 
Chlorine in subsoil water (one sé a EnGy - - : - 1:96, 
1 :2°25 
Ratio of Ammoniacal Nitrogen to Chlorine— 1 : 2: 50) - 4 122:57 
3 sets of hourly samples. li: : 2°66 
Ratio of Ammoniacal Nitrogen to Chlorine, after (1:1 931 
deducting the chlorine of the water supply—) 1:2: 19, | - 1:2°14 
3 sets of hourly samples. 1 :2°29 
Solids in suspenston—3 sets of hourly samples (33°6 to 34°8) _ - 2 B41 
Solids in Suspension by aes eS —3 sets of hourly samples 
(160 to 261) — ee eee ae 106 
1:75 
Ratio of Solids in Suspension to Centrifuge solids) 1: 5°07 - - Place iS. 
1:4°8 
Cellulose still containing fat—8 sets of hourly samples (11°80 to 12°80) 
(one extraction with dilute alkali and one with dilute ei 2) ©1224 
Z | 
Ratio of celluloses still containing fat to suspended side 2° ae SS 38 
3 sets of hourly samples. 1:28) 
Cellulose—-2 sets of hourly samples ha 56 and 5° BY asa aa with 
alkali, acid and ether) - : ; : ; 6:18 
Ratio of celluloses to suspended solids jane 5'3 | : : ; ere rern 
2 sets of hourly samples. I yigiare 9 bak 


6225, rR? 
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A study of the Tables of Analysis and Curves of these Leicester sewages shows 
great variations in the chance samples but comparative evenness in the three sets of 
hourly ones, though No. 469 (the first of the hourly sets) is on the whole distinctly 
stronger than the other two, and contains relatively much more suspended solids as 


measured by volume. 


Speaking roughly, in all the samples of sewage the different curves bear a 
tolerable resemblance to one another, and in the hourly samples (excepting for volume 
solids) this resemblance is very marked. The latter contained an average of 8°12 parts 
total nitrogen and 2°34 parts organic nitrogen (of which almost exactly half was 
albuminoid), while they gave the high figure of 22°35 for “oxygen absorbed.” The 
suspended solids averaged 34:1 parts, a point which has been already referred to as 
showing that the settlement in the tanks is not very good. The sewage which the 
Leicester farm has to treat is thus one of considerable strength. 


The fatto between the average figures for Organic Nitrogen and “ Oaygen absorbed ” 
is 1: 74 in the chance samples,* and 1 : 96 in the hourly ones—not a good agreement, 
and, further, a ratio far in excess of that obtained from any purely domestic sewage. 


The Average Ratio of Albuminoid Nitrogen. to “ Oxygen absorbed” in the five 
chance samples is 1:11°9, and in the three sets of hourly samples 1:19-0. In the 
chance samples this ratio is very uneven, but in the hourly samples even; it will be 
noted that in the latter the ratio is a very high one. | 


The hourly samples all contained small quantities of nitrate, a proof of the 
entrance of subsoil water into the sewers. Unfortunately the chance samples were 
not tested for this, though no doubt some of them contained it. 


The agreement between the curves for ammoniacal and for total nitrogen is very. 
marked, and there is (excepting in sample No. 1, a weak sample taken after heavy — 
rain, which must evidently have contained some nitrate) a fair agreement between 
the curves for total and ammoniacal nitrogen, on the one hand, and for total organic 
and albuminoid nitrogen on the other. : 3 


As regards organic nitrogen, excepting in the case of No. 1, only the Kjeldahl 
_ method with reduction was used. No comparison of those two methods can therefore 
be made here. 


In the hourly samples, the “ oxygen absorbed” curve follows that of the fotal 
nitrogen well, and.they keep a pretty constant ratio; in the chance samples the curves 
follow one another but the ratios vary greatly. 


The Chlorine curve agrees well with that for Ammoniacal Nitrogen in the hourly, 
but not in the chance samples; this is of course what one would expect in a sewage 
containing so much manufacturing refuse, which is allowed into the sewers at irregular 
intervals, . 


No estimations of suspended solids were made in the chance samples either 
volumetrically or gravimetrically. Those in the hourly samples have been already 
referred to. The ratios between the suspended solids estimated (a) gravimetrically 
and (b) volumetrically by the centrifuge agree well in two out of three cases, the 
average of two being 1:4°9, and of three 1:58 (the Cambridge ratio was 1 : 6:0). 
The ratios between the celluloses and suspended solids agreed well, but here again 
only two cellulose results could be taken, a probable error occurring in the middle 
estimation. The ratio was 1:56 (Cambridge 1 :5°9). Further estimations would be 
required in order to determine how far the centrifuge was of yalue for the approaimate 
determination in a few minutes of the relative amounts of suspended solids and 
cellulose in the Leicester sewage ; but probably it would be found useful. 


Ist Lied Efluents. (Diagram No. 24.) 


Five of these were examined, two (Nos. 2 and 8) drawn in the month of November 
and three (Nos. 125, 127a and 128a) in August. They are all given by Mr. Kershaw 
as mixed sirface and filtration effluents. In temperature they of course varied consider- 





= bite later results would seem to indicate that the figure for organic nitrogen in the chance samples 
Is tuo low, ; 
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-ably, viz., from 7:2° to 21°6° C. (45° to 71° F.), a much greater variation than in the case 
-of the sewages. All of these effluents were of a brownish colour, with more or less 
suspended matter, were alkaline in reaction, and had a putrid or sewage smell when 
they came to be analysed. | 


The samples are too few in number to allow of many conclusions being drawn, 
but the Tables of Analysis and Curves show that the larger part of the impurities in 
the sewage is taken out by this first (arable) field. The average albuminoid nitrogen 
in the five samples was 0°37 and the average ‘oxygen absorbed” 6°42. Thev varied 

greatly as regards total nitrogen and contained no nitrate when analysed; they 
may in fact be regarded as sewage half purified from its organic matter, and especially 
‘from its suspended solids. 


Final 2nd and 3rd Field and General Kfluents. (Diagram No. 24). 


Thirteen samples of these were examined, viz., 8 second-field effluents (5 in dupli- 
cate), and 5 third-field and general effluents (4 in duplicate) ; excepting No. 3, however, 
the third-field effluents were only partially analysed. All the second-field effluents 
.are given by Mr. Kershaw as mixed surface and /iltration effluents, while of the five 
third-field and general effluents three (Nos. 3, 352 and 353) are surface efluents only. 
No. 3 was a good effluent, but very dilute from rain; Nos. 352 and 353 were fair, 
especially the second. The second-field effluents were drawn in the months of 
August and September, the third-field ones in November, September, and October. 
~The temperatures of the eight second-field eftluents (November, August, and Sep- 
tember) varied between 6°6° and 20° C. (44° and 68° F.), while the limits of the five 
third-field and general effluents (November, September and October) were 9:4° and 
166 C. (49° and 62°F.). Though considerable, these variations are rather less than one 
would have expected from a (mainly) surface irrigation farm in those months. 


The effluents were either clear, slighty opalescent, or in one or two cases more or 
‘less turbid. Their colour was brown or sometimes yellow, and there was always 
some flocculent matter present, for the most part, no doubt, fragments of weed 
from the drains, tinged with oxide of iron. Every sample was alkaline, some of them 
strongly so. When they came to be analysed the smell was quite elean, 2.e., usually 
-earthy, though sometimes inclining to a seaweed or fishy odour. In the few samples 
‘tested there was much lime and sulphate in solution. 


The following figures show some of the more important average results from the 
examination of 8 to 13 effluents, most of which were over two fields—(8 for Total and 
Organic Nitrogen; 9 for Ammoniacal and Albuminoid Nitrogen ; 13 for Nitric + 

Nitrous Nitrogen and for “‘ Oxygen absorbed”). Details are to be found in the Tables 
.of Analysis and Curves :— 


Average. 

Total Nitrogen (1°84 to 3°64) - - - - : - - 2°53 
Ammoniacal Nitrogen (0°59 to 2°81) : - - - - 1°65 
Albuminoid Nitrogen (0:07 to 0°35) - : : . “ 0:20 
Total Organic Nitrogen (0°18 to 0°73) —- - - - - 0°45 
Nitric + Nitrous Nitrogen together (00 to 1°75) _ - - - O51 
“Oxygen absorbed” from permanganate at 26°7° C. (80° F.) in 

four hours (1°70 to 4-47) —- - - : - - - 2°50 
Incubator test (as judged by smell) - - - - 2 92% passed 


(13 samples tested.) 


The Analytical Tables and Curves show that these effluents varied considerably in 
«quality, though it cannot be said, speaking generally, that there were any sufficiently 
marked differences, dependent upon the season of the year in which they were drawn, 
-to allow of deductions in this respect, excepting that the figures for dissolved 
oxygen in Nos. 3, 4 and 9, drawn in November, were much higher than in any other 
case; but this was evidently due to the lower temperature in November. The chlorine 
curve was a very uneven one, and in fact this applies to the curves generally, the 
least irregular of them being that for total nitrogen. 


Excepting in the three samples already mentioned, in which the Dissolved Ozugen 
.averaged fully 5c.c. per litre, none of the other effluents showed more than about 
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1 cc. when they came to be analysed, and ina good many of them it was apparently 
absent altogether. But the copper chloride method for oxygen determination is not 
at all suitable for brown-coloured effluents like those from Leicester, and the results 


are doubtless therefore distinctly too low. 


The dissolved free carbonic acid in the three samples boiled out for this varied 
very much (18 to 40 ¢.c. per litre), but in no case was It large, this indicating a surface 
rather than a filtration effluent. 

In the few cases noted, the smell of the effluent when drawn was not necessarily 
a criterion of its keeping property. 


The Amm:niacal Nitroyen m nine final or general effluents varied between 
0°59 and 2:81, average 1°65; it thus constituted, roughly, about two-thirds of the total 


nitrogen. 


The Alhuminoid Nitrogen in nine final and general effluents (6 of them over two 
fields and 3 of them wholly or partly over three fields) varied between 0°07 and 0:35, 
the average being 0:20. All of the samples kept sweet on incubation with the 
exception of Nos. 9 and 131 (alb. nitrogen=0°15 and 0°35). With regard to this last 
sample, Mr. Kershaw noted when it was drawn that the bullocks in the field had 
probably stirred up some sediment. 


As regards “ Oxygen absorbed,” the figures for 183 samples ranged between 1:70: 
and 4°47, the average being 2°50. Of these 13 samples, 8 were over two fields, and 
5 were wholly or partly over three fields. All of them, excepting Nos. 9 and 131 
(“oxygen absorbel” 2°08 and 4°47) and just possibly No. 360 (“oxygen absorbed ” 
2-40) remained sweet on incubation. 


The average Ratio of Albuminoid Nitrogen to “ oxygen absorbed” from permanganate 
in four hours isin nine effluents 1 : 14, after allowing for the nitrite present, the extremes 
being 1:7 and 1:18. On the whole this ratio is a tolerably even one, as is seen by a 
comparison of the respective curves. 


Incubation.—Mr. Scudder’s test, as judged by the difference in permanganate used 
up at once, before and after incubation, was more stringent here than the incubation 
test as judged by smell, only 5 samples out of 10, rigorously speaking, passing it. 
But the other 5 all nearly passed by it, so that in reality the two forms of incubation 
test agree very fairly here.” 


The Total Mitrogen in 8 final and general effluents (6 of them over two fields and 
2 partly over three fields) varied between 1°84 and 3°64, the average being 2°53. 
As already stated, this quantity was a fairly constant one (sample No. 126 is left out. 
of account here). 


The Total Organic Nitrogen in 8 samples of final and general effluent (omitting 
No. 4) ranged between 0°18 and 0°73, the average being 0°45. Without laying very 
great stress upon these figures, it is evident that the organic nitrogen is very appreci- 
able when the comparatively small amount of total nitrogen is considered. But the 
organic matter of the effluents has been shown by the incubation test not to be of a 
very putrescent nature. Hence the relatively high figure for organic nitrogen is no 
doubt partly due to the fragments of weed found in the effluents (and the same applies 
to the albuminoid nitrogen). As only one or two estimations of organic nitrogen were 
done by the Kjeldahl method without reduction, no comparison can be made here 
between it and the method with reduction. | 


The individual variations between the albuminoid and the total organic nitrogen — 
are considerable in these samples, but the averages of 8 final effluents make the total — 
organic nearly two and a-half times the albuminoid. 


Of 12 final second and third field effluents only three (Nos. 126, 129 and 132). 
contained any appreciable amount of nitrite, viz., 0°14, 0-14 and O11 parts nitrous 
nitrogen, four contained 0°01 to 0°05 parts and five contained none. 


The quantity of netric nitrogen in thirteen effluents varied between 0-0 and 1:73,. 
with an average of 0°51; it only exceeded one part per 100,000 in the two samples, 


* In those effluents (7.¢., in the greater part of them), where the amount of nitrous nitrogen left after 
incubation was not noted, it is assumed to be not greater than the nitrous nicrogen before incubation. 
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Nos. 3 and 353, out of a total of thirteen, while it approached one part in three other 
instances ; otherwise it was very low, though it was only reduced absolutely to zero 
in three jointed or incubated samples—a further proof of the comparatively non- 
putrescent character of the organic matter left in the effluents. No. 127 contained no 
nitrate to begin with, and one would have expected it, from the analysis, to have gone 
bad on incubation, but it did not. | 


The ratio of oaidized to unoxidized nitrogen in eight samples (taking the unoxidized 
= 1) varied between 0 and 7:1, but there are too few analyses to draw any real con- 
clusions here. Out of the eight analyses, several are inconclusive for one reason or 
another. Probably the ‘safety limit” ratio will be found to lie between 0°5: 1 
PG a ag 


The ratio of oxidized to albuminoid nitrogen (taking the albuminvid = 1) in 9 
samples varied between 0 and 18:1. But here again the remark made in the pre- 
ceding paragraph applies also. Probably the “safety limit” ratio is somewhere about 
1-5: 1 (if this should be correct, it is a very low ratio). 


It has already been noted that the chlorine curve is a singularly uneven one, 
rising markedly in the warmer weather, no doubt from the increased evaporation 
then. 


Conclusion.—The Leicester farm, depending as it does largely upon surface 
irrigation over a stiff clayey soil, treats a rather considerable volume of sewage of 
moderate nitrogenous strength but containing much oxidizable matter ; the aggregate 
organic matter treated is of course not great (¢/ Diagrams Nos. 3 and 4). The surface 
soil is from 6in. to 12in. deep; taking the number of particles in unit weight of the 
Nottingham surface soil (ignited) at 100, the number in the Leicester soil is 269, 
while the corresponding number in unit volume is 232. The effluents obtained, 
while not of a high class, are better as regards keeping property than the figures of 
analysis would lead one to expect. Taking them all over, they may be described 
as moderate. The sewage is no doubt a somewhat difficult one to treat, and the 
nitrifying area afforded by such a stiff soil and subsoil is necessarily small 
(relatively). As the slope of the farm, speaking generally, is all that could 
be wished for allowing the sewage to be treated over a number of plots of ground 
successively, the conditions in this respect are favourable. But on the other hand 
one must not forget that storm water up to twice the dry-weather-flow is treated, 
which must sometimes impose a considerable strain upon such heavy land (compare 
Beddington and South Norwood). 


Percentage purification as calculated on the Albuminoid Nitrogen and 
‘“ Oxygen Absorbed.” 





Average. 
(1) Albuminoid Nitrogen—5 chance samples of screened and settled 
sewage gave 0°66 to 1°70 - - ae 
3 sets of hourly samples of screenea 
and settled sewage gave 0°97 to 1-44 - 1:19 
9 Final effluents gave 0:07 to 0°35 - - - ; : - . 0:20 
Percentage purification :—-On chance samples - - - 82°07, 
On hourly samples - - =) B27, 
(2) “Oxygen absorbed” —5 chance samples of screened and settled 
sewage gave 777 to 16°41 - - - 12°45 
3 sets of hourly samples of sewage 
gave 20°28 to 24°33 - - : - 22°35 
13 samples of effluent gave 1:70 to447 -  - - - - 2080 
Percentage purification :—On chance samples - : : (8°97, 
On hourly samples . : sae Vit 
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Comparison of the Total Nitrogen in the Sewages and Final Efluents. 


Average. 
The average total nitrogen in the 3 sets of hourly samples of 
sewage was 7°32 to 9°16 - - : - 2 J ‘ UIQ A® | 
The average total nitrogen in 8 final effluents was 1°84 to 3°64 Be RON? © 


The above figures show roughly that 30 per cent. of the original nitrogen of the 
sewage finds its way into the brook. But this is doubtless an over-estimate of the: 
loss, for Mr. Kershaw says that there is practically no subsoil water on the farm, and 
a good many of the samples of final effluent were drawn during warm weather, whem 
there must have been much evaporation from the ryegrass, etc. 


Subsoil water. 


Only one sample of this (No. 5) was examined. It was drawn with much 
difficulty by Mr. Kershaw “from a high portion of the farm which had never been 
actually sewaged itself, but which was within 50 yards (of sewaged ground). The 
sample was froma small sandy stratum in the boulder clay.” Mr. Kershaw wrote 
further at the time :—“I cannot say with certainty that the sample is free from 
contamination from sewage, owing to the presence of a vein of sand.” 


The above sample arrived at the laboratory with a good deal of sediment, for it: 
had to be drawn up in a tube, in small portions at a time, from the water-hole ; 
but before analysis it had settled nearly clear. The analytical figures show that it 
it was a very pure water organically, with evidently no sewage contamination. The 
chlorine in it, though considerable, is almost exactly the same as that in the town’s water 
(196 and 1:93). It was decidedly alkaline and contained much lime (present to a 
large extent as sulphate) in solution. The sample was no doubt partly aerated in the. 
process of drawing. The Kjeldahl process wth reduction, being an indirect process, 
is not adapted for the determination of organic nitrogen in such pure waters as this ; 
the method without reduction gave a better result here. 
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Experiment to see how much sewage a yiven area of land would stand. 
(Diagrams Nos. 25 and 26.) 


Between September 10th and 27th, 1900, a small experiment was tried on the 
Leicester farm, with the object of seeing how soon the land would reach its limit of 
purifying power under a dose of sewage, beginning small, and increasing daily by a 
fixed moderate amount. For this purpose two plots were chosen, (a) an arable field 
of 65 acres and (0) a pasture field of 10°5 acres, these being pretty nearly the propor- 
tions of arable and pasture used in the ordinary course at Leicester. Mr. Kershaw 
says that “the arable field was stubble and there was very little grass on the pasture 
“field, the bullocks having been taken off that day. The dose of sewage was started 
“at about 200,000 gallons for the 17 acres per 24 hours,” z¢., 11,800 gallons 
(theoretically) per acre. It will be remembered that the usual quantity dealt with at 
Leicester at one time is 21,500 gallons per acre, so that at the commencement this 
dose was intended to be only about half the normal. 


The appended jdiagram (Diagram No. 25) by Mr. Kershaw illustrates very 
clearly the difficulties attending an experiment of this nature, and also the difficulties 
which have to be overcome in applying sewage to any clay soil (compare his 
Notes on the Leicester samples). The comparatively small volume of sewage 
run on covered at first little more than one-third of the two fields; the 
effluent then reached the drains through cracks in the soil, and sample No. 137 
could only be obtained after it had mixed with the efiluent from another field. 
No. 158 was drawn before this mixing had taken place (265,000 gallons were 
now being run on); Mr. Kershaw noted here: “This eftluent did not appear to 
be good,” an opinion fully borne out by its analysis. We therefore thought it 
advisable to adopt at this stage the usual procedure at Leicester and to soak the 
land thoroughly, in order to swell it and fill up the cracks. So for the next three 
days, z.e., until September 16th, 900,000 gallons per 24 hours were applied (2.e., 24 
times the normal flow) ; by the latter date the whole of the two fields were being 
irrigated and some surface effluent was flowing from the arable field. At noon on the 
16th, therefore, the flow of sewage was again cut down to 200,000 gallons for the 
entire area, 2.e., to the quantity originally applied on September 10th. Between 
September 16th and 27th the flow was increased by 3,000 gallons per acre per day. 
The last sample drawn (No. 148) was taken on the 27th, at which time 44,000 gallons 
per acre per day were being applied, rather more than double the normal quantity, 
which (the normal amount) was reached between September 18th and 20th. Unfor- 
tunately the sewaging did not even now (between September 16th and 27th) go on as 
uniformly as the above would indicate, for it will be seen, by reference to Mr. Kershaw’s 
Notes,* that on September 21st the effluent from the arable field was removed to another 
portion of the pasture land, in order to give the part first sewaged a rest, as this was 
then becoming over-sewaged. 


Jt seems hardly necessary to offer any detailed examination of the analyses 
of these effluents, but a few points may with advantage be noted, especially if they are 
read in connection with Mr. Kershaw’s diagram and ‘“‘ Additional Notes on Samples,”* 
and with the Curves of the chemical results. 


The samples were all two-field effluents, and, excepting the first drawn, No. 
137, which was a filtration (!) effluent only, they were all mixtures of surface and 
filtration effiuent. Of all the thirteen effluents only No. 144, and, no doubt, No. 143, 
with possibly No. 188, had a putrid smell at the date of analysis, the others having 
an earthy or slightly fishy odour. All those tested for reaction were alkaline, and 
the two tested for lime and sulphate in solution were found to contain much of these 
constituents. 


In appearance, Nos. 137 and 138, drawn before the cracks in the ground had 
filled up, were grey and muddy, although No. 138 had no actual deposited sediment. 
~The analysis of No. 137, though not good, shows that the sample kept sweet on 
incubation, being no doubt saved by some accumulated nitrate washed out of the 
fresh ground, and, perhaps, some nitrate in the effluent from the other field with 
which it was mixed. No. 138, though still containing a fair proportion of nitrate, 
went bad on incubation. At this stage the land received the large dose of sewage 
‘to swell the ground and fill up the cracks, and, by the time No. 139 was drawn, all 
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accumulated nitrate in the soil had evidently been used up or practically so, but the 
effluent kept sweet on incubation. In appearance this last sample showed a great 
improvement on Nos. 137 and 138, 2.¢., it was brown and contained a small quantity of 
brownish flocculent matter, but was otherwise clear. No. 140 was much the same as 
No. 139, both in appearance and as regards analysis, but No. 141 was not so good, 
being slightly opalescent, giving an exceptionally high figure for “ oxygen absorbed,” and 
going bad on incubation. No. 142 was of more even composition and a better effluent 
than No. 141, though containing a good deal of flocculent matter. Nos. 143 and 144 
were both bad, with much flocculent solid, and No. 1444 was bad also, though better 
than the preceding two. It is worth noting here that this last sample was clear and 
brown, with only a little brownish sediment ; a sign of the beneficial effect of the new 
piece of pasture land (27. Mr. Kershaw’s notes). No. 145 was also indifferent, though 
it had a clean smell when analysed; and No. 146 was distinctly bad on analysis, 
though with almost no flocculent suspended matter. No. 147 showed a marked im- 
provement, contained 0°5 part nitric nitrogen and kept sweet upon incubation. It had 
apparently benefited by the rainfall at that date. No. 148 was very bad. At this 
point the sewaging was stopped. Very little rain fell until September 26-27, and 
even then the maximum was only 0-07 inches in 24 hours. 


This experiment, though not affording a direct answer to the question—how 
much sewage an acre of the Leicester farm will purify—is in some ways instructive. 


First we have an effluent of indifferent appearance and not really purified, because of 


its having partly escaped into the drains through cracks in the soil, but kept non- 
putrescent in virtue of the accumulated nitrate which it has washed out. After that 
there is an improvement in purification up to No. 140, at which time it so happened 
that just about the normal flow for the Leicester farm was being treated. Then 
comes a gradual falling off, though with a few minor fluctuations, until sample No. 147 
is reached, when the effluent is temporarily benefited by rain, only to relapse next 
day. In no case from No. 139 onwards is there any appreciable nitrate present in 
proportion to the total nitrogenous matter; that is to say, the purification effected is 
insufficient. 


These few observations thus emphasize the point that most careful management. 


is required on a clay sewage farm. Perhaps the most practical conclusion to be 


drawn from them is that any effluent from clay land which is partly made up of liquor 


that has escaped through cracks in the soil should be subsequently passed for certain 
over some uncracked ground, e.g., ground in the condition that the above plots were 
in shortly after the soil had been swelled up with an excessive flow. 


Water from the Anstey Brook, drawn both above and below the Leveester farm 
effiuent outfall. (Diagram No. 27.) 


In the Engineering Report* Mr. Kershaw speaks favourably of the condition of the. 


Anstey Brook at the time of his visits—the brook into which the effluent from the 


Leicester farm flows (as well as the effluent from another small farm a little lower — 


down). 


Six samples from this brook were examined, three (Nos. 127s, 1304 and 133). 


from above the effluent outfall, and three (Nos. 6, 134 and 135) from below it; but. 


all were from above the effluent outfall of the other farm. Nos. 127B and 1304 


were jointed for a week before being analysed, and duplicates of Nos. 133 and 135. 
were also partially examined after being jointed for some time. Excepting No. 6, 


drawn in November, all the samples were taken in August and September 1900. 


The above samples were either clear or opalescent, with small but appreciable: 
amounts of flocculent matter in suspension. They were alkaline, had an earthy or 


slightly fishy-earthy smell, and contained much lime and much sulphate in solution. 
No. 1304 (above outfall) maintained its aeration fairly well, after being jointed 


for a week, which was satisfactory, especially as it was drawn when the brook 


was low. 
No. 1278 (above) had its dissolved oxygen nearly exhausted after being jointed 


for the same length of time in warm weather; this is of course not satisfactory 


a ——— oe 


for a brook water, but‘the stream was noted by Mr. Kershaw as very low when this. 


sample was taken. 
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No. 133 (above) was very fair. It was drawn at a time when the brook had 
about its normal volume of water. After being jointed for ten days in the month 
of September it had lost very little of its dissolved oxygen, a severe test. Nos. 134 
and 135 are both comparable with No. 1383, having been drawn on the same day in 
order to furnish as nearly as possible comparative samples from above and below 
the effluent outfall. No. 134 (below), though still well aerated when analysed, 
contained relatively much oxidizable matter, but then it was drawn only 20 yards 
below the effluent outfall. No. 135, taken 160 yards lower down the stream than 
134, was appreciably better than the latter and was also well aerated. After being 
jointed and kept for a week, however, its dissolved oxygen was reduced from 7:5 to 
1°6 c.c. per litre, the nitrate being of course increased. 


No. 6, the November sample taken probably about 15 yards below the effluent 
outfall, was only moderate, though well aerated, the “oxygen absorbed ” figure being 
distinctly high fora brook water. Mr. Kershaw notes it as being rather turbid at the 
time of drawing. 


The various curves, especially those for chlorine, “ oxygen absorbed” and total 
nitrogen, show very clearly the effect of the inflow of effluent into the brook and 
saa no elucidation. 


—.. The Anstey Brook may therefore be regarded as having been, from a chemical 
Hint ‘of view, in a fairly satisfactory condition (for a non- drinking water stream) at 
the time of Mr. Kershaw’s visits to Leicester, if we take the relatively small dilution 
of effluent by brook water into account. 


6225. gs 2 
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LEICESTER SEWAGE FARM. 


TABLES OF ANALYSIS. 








INDEX. 

PAGE. 
Hourly Sewage Samples, Nos. 469, 470, 471 Dito, Vietd etarte 7 op rore fee 141 
Sewages and Hffluents, Nos. 1, 2, 3, 4, 7, 8,9 - . - : - - 2 142-143 
0 TF Nos 124, 125, 126 - - - 3 - : 3 2 = : : 144 
i “ 127, 1274, 128, 1284, 129 - - - - - - . - 145. 
Effluents, Nos. 130, 131, 132, 352 5 “ 2 : e 2 4 3 2 P 2 146. 
fi Nos. 352, 353, 360, 364 - - - : 3 e ' : = - : : 147 

Special Experiment -— 
Sewage and Effluents, Nos. 136, 137, 138, 139, 140, 141 ‘ - - - - 148-149 
Effluents, Nos. 142, 143, 144, 144a, 145, 146, 147, 148 - - - - - - 150-151 
Subsoil Water, No. 5 - = e E a s k . : . 4 . 152 
Brook Water above and below effluent outfall, Nos. 6, 1278, 130A - - - - - 152 
9 r (including one effluent), Nos. 132, 133, 134,135 = - 153. 
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LEICESTER SEWAGE FARM, 1902. 


Hourly Sewage Samples drawn in Equal Quantities per hour. 








Mewor SAMPLE. - - = | -« 469 470 471 
NATURE OF SAMPLE -~ - . - | SCREENED AND SETTLED | SCREENED AND SETTLED | SCREENED AND SETTLED 
SEWAGE SEWAGE SEWAGE. 
24 hours’ sample. 24 hours’ saniple. 24 hours’ sample. 








Rainfall while sample was _ being 


0.00” 0:00” 0:00” 
drawn* 


Drawn - - - E - - - | From Monday, 10th Feb- | From Tuesday, llth Feb-| From Wednesday, 12th 


ruary 1902, 12.30 noon,to| ruary1902, 12.30 noon, to February 1902, 12.30 
llth February, 11.30a.m./ 12th February,11.30a.m.} noon,to 13th February, 
11.30 a.m. 





Analysed - - en eee 12th February 1902 13th February 1902 14th February 1902 





Parts per 100,000, by weight. 


Ammoniacal nitrogen ‘ - - - 6:14 4°83 5°20 
Albuminoid o - - . - 1°44. 0:97 7 
Nitrous “3 - - . : None. Doubtful trace. None. 
Nitric F - - - - 0°49 0°39 0-28 
Total nitrogen by Kjeldahl, with hie 9°16 7°32 7°88 

reduction 
Blank - - - - - = (0°45 in 7°14) (0°45 in 5°80) (0°45 in 6:21) 
“X” Nitrogen - - - - = 1:09 113 1:23 
Organic nitrogen by Kjeldahl, with 2°53 2:10 2°40 

reduction 
Oxygen absorbed from permanganate 8°42 7°49 8°63 

at 26°7° C. (80° F.) at onee 

- mF », after four hours - 24°83 20°28 21-94. 
Chlorine - = - = = = 13°80 12°50 13°84 
: : “ ; : wf 65-4 volatile .o f 59°0 volatile : { 58°2 volatile 

Total subsea aectrically) a2 (93:8 non-volatile be 81 Ore non-volatile EA 93°4 non-volatile 


ao: ce a ; ‘ 4. of 29°2 volatile of 25°0 volatile J { 22°2 volatile 
Sotisa acer Dales 34 ay 5°6 non-volatile 33 ey 8°8 non-volatile 33°6 11°4 non-volatile 


hig cp ‘ é a . .4/ 36°2 volatile of 34:0 volatile : { 36°0 volatile 
pete Re ee 4{ 36-9 non-volatile = 0) 82:0 non-volatile tI 82°0 non-volatile 
Cellulose (still containing fat), by ex- 1A 12°80 11°80 
traction with alkali and acid alone (a) 
Cellulose, by alkali, acid and ether (b) 6°56 -—— 5°80: 
-, {from (a) - - - - - 2°88 3°20 2°88 
Grit{ coi) = as 2:80 + ae 2:80 


Parts per 100,000, by volwme. 


Solids by Centrifuge - - - - 261°0 168 ‘0 160°0 
(3 minutes) (3 minutes) (3 minntes) 


Remarks . ~ 2 3 


Turbid and brown, with|Turbid and brown, but | Turbid and brown, with 
very dark brown sedi-| with less dark brown| about the same amount 
ment. Smell like that! sediment than No. 469.| of dark brown sediment 
of hippuric acid. Afew} Solids fairly fine. Hip-| as in No. 470. Solids 
pieces of fibre, but the} puricacid smell. Alka-| finely divided. Faint 


*There were three inches of snow on solids otherwise fairly line. sewage smell. Alka- 
the ground at the time, but no thaw. fine. Alkaline. General solids up to 0°3 line. 
General solids up to 0°36} mm. (one piece 1‘4 mm.) | General solids up to 0°36 
mm., one large piece of |} Hair up to 1°04 mm. mm. Hair up to 1:98 
wood fibre, 4°72 mm. mm. 


long, the rest small. 
Hair up to 1°04 mm. 


SE 
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LEICESTER SEWAGE FARM, 1899-1900. 


Sewage with Effluents. 





No. OF SAMPLE - ef “ : 


NATURE OF SAMPLE - 











Drawn - - - 2 = ; 


Temperature of sample - - : 
Temperature of air = - - = f 
If jointed or incubated eR bea ge 












1 | 2 3 4 : 
SCREENED AND INTERMEDIATE FINAL EFFLUENT FINAL EFFLUENT 
SETTLED EFFLUENT (7.é., over one arable FROM No. 1 | 
SEWAGE. (over one arable field and then two OUTFALL 
field). pasture fields). (over two fields, 

arable and pasture). 
q 
Wednesday, 8th} Wednesday, 8th| Wednesday, S8th]}Tuesday, 14th 
November,| November, 1899,| November, 1899,| November, 1899, 2 
1899,11.16a.m. | 12.20 noon. 3.0 p.m. 3.0 p.m. | 
(after heavy : . 
rain). | 


12°7° C. (55° F.) 
LO. b2e8.) 


11-1° C. (52° F.) 
111° C. (52° F.) 


9°4° C. (49° F.) 
10-0° C. (50° F.) 


10th November 1899. 











Analysed -— - ri pws - 10th November, | 11th November 1899. 
: 1899. 
Parts per 100,000 by weight. 
Ammoniacal nitrogen— _ 
(a) by direct Nesslerization —- - — — —— 
(b) by distillation - - a 1°34 1:28 0-59 
Albuminoid nitrogen - . - 0°66 0:28 0°07 
Nitrous 3 : - - None. None. 0-04 
Nitric es . : - Not done. Lost (probably none 1-23 
present). ; 
Total nitrogen by Kjeldahl, with re- 2°90 1°73 2°04 


duction (after correction for nitrite). 
Blank - - : - - - - 


Correction for nitrite - | - - = 
“*X” Nitrogen = - -io- - - 


Organic nitrogen by Kjeldahl, with re- 
duction. 
Organic nitrogen by Kjeldahl, without 
reduction :— 
Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F ); at once. 
x - after 4 hours 
Oxygen absorbed from permanganate 
by sample incubated for 5 days 
at 26:7° C. (80° F.) ; at once. 
after 4 hours - 


” ” 


Smell after incubation - - - - 


Chlorine : . s hs 5 


Gases ; Parts per 1,000 by volume. 
Carbon dioxide (free) - - - - 
Oxygen (boiled out) - - & A 
Nitrogen - - 5 = 2 : 


Remarks : z 2 : N 

















(0°17 in 4:82) (0°17 in 2°95) 





None. , None. 
0:90 O17 
156 0°45 
1623 0°48 
2°96 115 

10°77 2°84 

Lost. 3:03 


Strong sewage smell, 
black deposit. 


done : done 
($53[ateres| (ou different } 


ways. ways. 





——- 16°59 
— 0°49 
a 15:20 
This sewage con-| This 
tained much} brownish.with con- 
sediment. siderable sediment. 
Strongly alkal-| Distinct sewage 
ine. smell. Much lime. 
Alkaline. 


(0°17 in 3°41) 
+ 02 
Oli 
0°18 


0°20 


1:47 


No smell. 


7°28 


18°13 
5°23 
15°26 


sample was | Distinctly yellow 


and opalescent. 
Contained a little 
grit and floceulent, 
solid. Earthy (or 
very slightly fishy?) 
smell. Alkaline. 
Much lime in solu- 
tion. 





9:4° C, (49° F.) 
100° C. (50° F.) 





15th November 1899. 


1-03 
0°16 
0-02 
0°63 
2°39 
(0°17 in 0°43) 
+01 
0°55 (2) 
0-71 (2) 


* 0:08 


0°55 
1:70 


8°90 


25°13 
5°73 
15°80 


Slightly opaleseent, 
with a good deal of 
flocculent matter 
which looked like 
weed of some kind. 
Brownish yellow 
colour. arthy | 
smell]. Decidedly al- | 
kaline. MuchJime. 
Much sulphate. 


4 


DUPLICATE 
SAMPLE. 
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LEICESTER SEWAGE FARM, 


1899-1900. 


Sewage with Effluents. 





7 


SETTLED SEWAGE. 


8 


EFFLUENT 
off Arable Field 
No. 107 
(z.é., over one field). 


EE ES ee ee ee 


Jointed 15th November, 
1899. 
30th November, 1899. 


Tuesday, 21st Novem- 
ber, 1899, 12.0 noon. 


14:4° C. (58° F.) 
7-2° C. (45° F.) 


! 


24th November, 1899. 





Tuesday, 21st Noveu- 


ber, 1899, 1.30 p.m. 


23rd November, 1899. 





0°87 
0:25 
0-04 
1-00 
2°47 
(0°17 in 4°10) 
+02 
0°31 
0°58 


0°08 


0°97 
1°55 


1:38 (4 days) 


No smell. 


33°86 
0°95 
15°77 


The westher had been 
mild for November. 
On November 30th 
there was a small 
bubble of gas (say 
02c.c.) at top of 
bottle, and a slight 


suction inwards on 
opening. Brownish 
‘colour. Earthy smell. 


Too turbid to read. 
3°43 
1:29 
None. 
Not done. 
4°78 
(0°17 in 7°84) 
None. 
0:06 
1°35 


5°99 
12°43 


15°54 


Sulphide smell. 

Black deposit. 
Direct 

Titration. 


10°08 
10°00 


[ios (Evaporation). 


This sewage 
tained a 
brown 
The liquid 
almost opaque. 





) | 9°36 (Evaporation). 


con- 

copious 
sediment. 
was 


Only an approximate 
reading possible. 
2°19 
0°42 
None. 
0:08 
3°47 
(0°17 in 5°74) 
None. 
0°78 
1:20 


None. 
Liquid turbid with 
‘* Nessler.” Could 


not read accurately. 


4°30 
7°88 


8°64 


Sulphide smell. 
Black deposit. 


; f _ Direct 
one \ Titration. 


This sample con- 
tained a slight brown 
sediment. Putrid 
smell, Alkaline. 








9 


FINAL 
EFFLUENT 
off field No. 104 
(i.e., over two fields, 
arable and pasture). 


9 


LARGE 
DUPLICATE 
SAMPLE. 








Tuesday, 21st Novem- 
ber, 1899, 2.45 p.m. 


6°6° C. (44° F.) 
6°6° C. (44° F.) 


22nd November, 1899. 





Only an approximate 
reading possible. 
2°58* 
0°15* 
None. 
None. 
2°92 
(0°17 in 4°85) 
None. 
0°19 
0°34 


0°68 
Difficult to 
Oxalate used. 


read. 


2-01 


Only a musty smell. 


10°15 Direct 


) [iis (Evaporation). | 


40°11 
4°70 
17°02 
Very slightly opales- 


cent. Distinct brown 
colour. Karthysmell. 


A little brownish 
floceulent matter. 
Alkaline. Much 
lime. Much §sul- 
phate. No appre- 
ciable iron in solu- 
tion. 


*Estimated Novem- 
her 23rd, after bottle 
had stood half empty 
overnight. 


| 


10° Of Titration. } 


Jointed 23rd Novem- 
ber, 1899 
6th March 1900. 


Turbid. 
2°80 
0:13 

None. 
None. 
2°88 
(0°22 in 4°40) 
None. 
None (-0'05) 
0°13 


0°46 
2°08 


Not done. ° 


Not done. 


4409+ 
| 0-12 
| 16:72 


On opening there 
was a bubble of gas 
at top of bottle. 
No pressure. Very 
yellow but clear, 
with some deposited 
sediment. Strong 
sulphuretted hydro- 
gen odour, .¢., 
utrid. Alkaline. 

t+Here the increase in 
the carbon dioxide is 
approximately equal 
to the decrease in 
the oxygen. 
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LEICESTER SEWAGE FARM, 1900. 
Sewage with Effluents. 





126 


FINAL EFFLUENT 
OFF PASTURE LAND 
(z.e., over two fields). 





No. oF SAMPLE - - - - - 124 125 
NATURE OF SAMPLE - - - SCREENED AND First FIELD 
SETTLED SEWAGE. EFFLUENT 
(over ploughed land). 
Drawn - - - = - - Tues., 2ist Aug. 1900, | Tues., 2ist Aug. 1900, |Tues., 21st Aug. 1900, 


Temperature of sample - 
Temperature of air 
If jointed or incubated 


Analysed - - 


Parts per 100,000, by weight. 


Ammoniacal nitrogen (by distillation) 


Albuminoid * : F fe : 
Nitrous a 5 : ’ 
Nitric 3 : : s : 


Total nitrogen by Kjeldahl, with re- 
duction (after correction for nitrite). 
Blank - - = - é : 


Correction for nitrite - - - © 
“«X” nitrogen - - Bape - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Oxygen absorbed from permanganate 
at 26°79 C. (80° F.); at once. 

B3 "4 bs after four hours. 

Oxygen absorbed from permanganate 

by sample incubated for five days at 

26°7° C. (80° F.) at once - - : 

after four hours. 


” ” by) 


Smell after incubation - 2 e = 


Chlorine - - = = = : 


Parts per 100,000, by volume. 
Solids by centrifuge  - - : 


Gases ; Parts per 1,000, by volume 


Oxygen (by cuprous chloride), when 
sample was analysed*. 


Remarks - = = : 


* Note.—As the Leicester effluents 
were yellow to brown in colour, 
those figures for oxygen obtained 
with cuprous chloride are almost 
certainly too low, and must be taken 
with great reserve. 





_ 12.30 noon. 
17°80° C. (64° F.) 


20°6° C, (69° F.) 


22nd August 1900. 


1.30 p.m. 
21-1 .(70' a) 


222° C. (72° F.) 


23rd Angust 1900. 





3.15 p.m. 
20° CNGS TE) 


21°7° C. (71° F.) 


22nd August 1900. 


126 ‘ 
LARGE DUPLICATE 
BOTTLE. 


Jointed 22nd 
August 1900. 


3rd September 1900. 











Same bottle. 


tee 4.96 
1-09 0°86 
None. None. 
Not done. Not done. 
6°77 6°78 


None. None. 
0°84 0°96 
1°93 1°82 
iRoD 8°33 

15°01 14°77 

12:24 11°64 

| Considerable 
brown sediment. 


Faint sewage smell. 
Strongly alkaline. 








(-24 in 5°04; ‘13 in 5°91) 


i} 
| 





dark | This 


Not done. 


Separate bottles. 


(A) (B) 
3°53 3°50 
*0-74 0-43 


Probably None. 
None. 
Not done. 


4°59 4-52 


(14 in 6°63; -13 in 6°47)|("14 in 3°90) 


None. None. 
0:32 0:59 
1-06 1:02 
5:00 §:15 
9°04 8°79 
562 5:94 
9°98 9°96 


Blackened, very putrid, 
slight sulphide smell. 


12°06 


sample was 
strongly putrid when 
the bottle was opened. 
Very turbid and 
brown. Small amount 
of dark brown de- 
posit. Alkaline. 


* Note. — Judging 
from the otber figures, 
this estimation is 
probably incorrect. 


The lower figure is 
taken. 


Separate bottles. 


(A) (B) 
jah 1°26 
0°24 0:23 
0°15 0°15 
0°80 0°70 
De) _—— 
+°07 — 
0°32 —— 
0°56 ae 
0:83 1°10 
3°08 2°89 
0°96 1:09 
Lost. 2°52 
Sweet (?) Not 
noted. 
10°90 1115 
About 1:0 
This sample was 


slightly opalescent 
and of a rather 
deep brown colour. 


There was one 
small piece of 
weed in it. Sea- 
weed smell. 


Strongly alkaline. 


Same bottle 


presumably. 
(A) (B) 
1°15 LiKe) 
0-22 0°19 
0-14 0-14 
0°84 0°79 
2°43 2°36 


(‘14 in 3-48; :13in 4°34) 


+07. A D7 
0°08 0°05 
0°30 0°26 
0°78 0°58 
2:78 2°88 
— 1°22 
a 2°66 
— Earthy. 


Probably not noted. 


Between August 
22nd and Septem- 
ber 3rd the weather 
was moderately | 
warm only. 4 
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LEICESTER SEWAGE FARM, 1900. 
Sewage with Effluents. 
127 127a 128 128a 129 129 
FINAL EFFLUENT FIRST FIELD SCREENED First FIELD FINAL EFFLUENT DUPLICATE. 
after Plough and EFFLUENT AND SETTLED EFFLUENT over Plough and 
then Pasture (over ploughed SEWAGE. (off ploughed Pasture 
(two Fields). land). land). (two Fields). 





Ved.,22nd Aug. 1900,)Mon.,22nd Aug. 1900,/Mon., 27th Aug. 1900,|Mon., 27th Aug. 1900,/Mon., 27th Aug. 1900, 
2.0 p.m. 12.0 noon. 11.]5 a.m. 12.15 noon. 2.0-p.m. 
15°6° C. (60° F.) 21:7° C. (71° F.) 15°6° C. (60° F.) 17°2° C. (68° F.) 16:7° C. (62° F.) 
167° C. (62° F.) 18-9° C. (66° F.) 15°6° C. (60° F.) 17°8° C. (64° F.) 16°1° C. (61° F.) 
$ 


Jointed, 28th Aug. 
1900. 
7th Sept. 1990. 


23rd Aug. 1900. 24th Aug. 1900. 


{ 


28th Aug. 1900. 29th Aug. 1900. 28th Aug. 1900. 








eee Ee Separate bottles. Same bottle. Separate bottles. Separate bottles. 
(A) 





(A) (B) (A) (B) (A) (B) (A) (B) 
1°96 1°76 3°29 3°28 3°6 3°56 3:06 2°89 2°20 2°08 —— 
0°30 0°22 0°37 0°37 0°94 0°92 0°44 0°30 *()°22 0°13 ood 
0°04 0°05 None. None. None. None. None. None. 0°13 0°14 an Nitrite and nit- 
None. None. |Not done. Not done.|Not done. Not done.|Not done. Not done.| None. None Tate, nitrogen, 
2°55 2°52 4:18 4-1 4:93 4°61 pei | 1823) (eee! = oo 
14 in 3°71; -13in3°62)|(‘24in 6°14; *13 in5°90)|(-24in 3°72; °13 in 3°36)|(‘14 in 3°89 & in 2°62)|("14 in 4°63) —— — 
(*13 in 5°80) 
+ 02 + 03 None. None. None. None. None. None. +07 — ee 
0°25 0°49 0°52 0°46 0°37 0°13 0:03 0-14 0:06 —- —— 
0°55 0°71 0°89 0°83 13] 1:05 0°47 0°44 0:28 — —. 
0°70 1:04 5°31 5°79 2°32 2°89 1:23 1°16 0°70 0°58 — 
2°97 2°86 9:06 9:22 7°86 7°68 3°39 3°20 2°27 217 — 
3 days 6 days 5 days 
0°72 1°30 5°76 5°76 |Not done. Not done.| 1°64 2°12 059 0°58 0°41 — 
3°03 3°01 9°95 9°75 7 a 3°62 3°80 2°16 2:01, 2:03 — 
Earthy. —— Blackened, ——> Putrid, Slight Slight —— _— 
putrid, sulphide earthy. earthy. 
sulphide smell. 
| | — smell. 
eyUt66  (*) 1310: || 13:26 12‘96 7°98 7°12 8°28 8°40 10°60 10°60 —— 
te trace only, con- 
Probably none. —— —— = 1-2 —— |‘ siderably less than 
: 1 ¢.c, 

Liquid clear and|Inthissample there | Moderate amount | This sample had a | Slightly yellow or | The weather was, 
very brown. It} was a  small| of brown and/ strong sewage | brown tint. In| I think, rather 
contained one ag-| amount of dark | greyish deposit. | smell. It was]! one bottle a few | warm between 
gregated piece of| . brown deposit. | Putrid smel). Al- | brownish and opa- | greenish particles; | August 28th and 
suspended matter,} The liquid was] _ kaline. lescent, with a| inthe otheravery | September 7th. 


about the size of a 


brown and turbid, 


small amount of 


small amount of 


hazel nut, which| and with a strong brownish deposit. | light coloured 
looked like . weed utrid odour. Al- Alkaline. sediment, which 
and fibre, &c. aline. looked like frag- 
Slight earthy, or ments of roots and 
perhaps seaweed plants. Earthy 
smell. Alkaline. Another bottle was smell. 


jointed on August 23rd, and was opened 


on September 4th. 
earthy smell. 


It had only a clean 


This is noteworthy, when considered 


* Judging from the 
other figures, this 
is probably over- 


in reference to the above analyses. estimated. The 
(*) Cannot account for this discrepancy. lower figure is 
taken. 
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LEICESTER SEWAGE FARM, 1900-1. . 
Effluents. , 4 





No. oF SAMPLE-- 


NATURE OF SAMPLE - 







Rs 130 131 132 132 352 
- + | FINAL EFFLUENT | FINAL EFFLUENT GENERAL LarGe DUPLICATE) FINAL oR THR) 
off Plough and off Fallow and |EFFLUENT in equal EFFLUENT, 
Pasture Pasture proportions from i.e., over three 
(two Fields). (two Fields). each Outfall. Fields. 








Drawn - - 


Temperature of sample 
Temperature of air - 


If jointed or incubated 


Analysed - 









Monday, 30th Sey 
1901, 1.0 p.m. 
i 


15-0° C. (59° FB.) 
19-4° C. (67° Fy 


Wedie-day, 29th 
Au. 1900, 11.45 


cD 
- te peer La” Ce 8D 


Thursday 
Aug. 1900, 11.30 


30th | Monday, 3rd-‘Sept. 
1900, 11.45 a.m. 


15-0° C. (59° F.) 
17:2° C. (63° F.) 


j 
i | 
: 


Coes 60 
17°8° C. (64° F.) 





16:17 G(G1l Ey) 18°9° C. (66° F.) 


Jointed, 4th Sept. 
1900. 


- : - | 30th August 1900 | 3lst August 1900 | 4th Sept. 1900. 17th Sepr. 1900. | 2nd October 190] 











Parts per 100,000, by weight. Same bottle. Same bottle. 
; (A) (B) (A) (B) (A) (B) 
Ammoniacal nitrogen (by «listillation) 1°27 1-28 2°92 2°69 1°33 Lost. 1°48 —— 
Albuminoid nitrogen - - - *0:28 0:14 0°36 0°34 0:31 Lost. 0°25 a3} 
Nitrous f - - - - 0°01 0°01 None. None. os 0711 0710 None. © 
Pes Sa 4 “ - 5 0°65 : 
Nitric ” i = = = 0 25 G13 Take Hoth 0:21 —s5 0°36 | Probably ae 0 51 
Total nitrogen by Kjeldahl, with reduc- 1°85 1°83 3°70 3°57 eS 2:29 2°26 ie 
tion, after correction for nitrite. 
Blank - - = = = - = x(Glessia  (elladin |p ei Ssine | ((Siigkitn a (13 in (‘17 in 3°26) | — 
2°74) 329) 5°37) 6°39) 3°26) 
Correction for nitrite - -— None. None. None. None. —— + ‘06 +05 a 
“xX” nitrogen 0°04 0°27 0:42 0°33 — 018 — 2 —_— 
Organic nitrogen by Kjeldahl, with 0°32 0°41 0°78 0°68 Eee 0°49 ? — 
reduction. 
Oxygen absorbed from permanganate 0°62 —— 1°91 2:24 — 0°79 0°74 0°51 
at 26°7° C. (80° F.); at once. 
ss - » after four hours. 2°40 2°68 4°47 4°63 — PAB YS 191 2°33 : 
(42 hrs.) 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 0-60 0°63 2°18 2°25 —— 0°60 Not done. 0°45 
* 5 = after four hours 1°84. Pape 4°75 4°43 a 2:22 Be 1°74 a 
Smell after incubation - - Sweet; faint sea-| Black- Fairly os Slight — Sweet ; about 0° 
weed smell. eued. strong earthy. nitrite nitrogen 
Sulphide. putrid 
smell. q 
Chlorine - - - 11°62 11°70 12°80 12°86 — 12°24 12°40 —— 
Parts per 1,000, by volume. 
Solids by centrifuge - - - — — —— — 25°0 
Gases ; Parts per 1,000, by volume. ; 
Oxygen (by cuprous chloride), when | Probably a trace.| Probably none. | 1-0 to 1°5 Trace. None. 
sample was analysed. Liquid very brown,| Very brown.  |(Very green) 
Remarks  - Liquid ratherdeep | Moreorlessturbid. | Liquid clear but | Liquid clear but Clear hownliqui 
brown in colour.| One large piece| slightly yellow. | slightly yellow.| Fair amount 
Several large} of brown floccu-| Containedalittle; Allthesediment,| brown sedimer 
greenish - brown} lent matter.| light-coloured| which was light} Slight fish 
flocenli. Faint} Faintlyalkaline.| matter in sus-| brownin colour,| smell. Alkaline 
sea-weed smell. pension. Earthy} had settled to . 
Alkaline. smell. Alkaline.| the bottom, 
Slight earthy}: 
. *Judging from the smell. Alkaline. 
vther figures, 
this estimation 1s 
probably wrong. 
‘The lower figure 
is taken. 
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ALLDUPLICATE, 
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LEICESTER SEWAGE FARM, 1900-1. 





353 


GENERAL 
EFFLUENT, 
marked cA 2? 


Effluents. 





353 


SMALL DUPLICATE,| FINAL OR THIRD 


360 360 


EFFLUENT 
from Rye Grass 
2.€., over three 
Fields. 





inted and incu- 
vated Ist Oct. 


1901, 11.30 a.m. 
14:4° C. (58° F.) 
18°3° C. (65° F.) 





Tuesday, Ist Oct. | 


Jointed and incu- 
bated 3rd Oct. 


SMALL VUPLICATE, 


| 





364 


364 | 
GENERAL SMALL DUPLICATE. 
EFFLUENT 
marked ‘“C.” 





Wednesday, 2nd | 
Oct. 1901, 1.0 | 
m. 


p 
16°7° C. (62° F.) 
17:2 C. (63° F.) 


Jointed and ineu- 
bated 3rd Oct. 




















901. | 1901. 1901. 
th October 1901. | 3rd October 1901. | 15th October 1901.| 3rd October 1901. 15th October 1901. 
None. 0°05 None None 
1°73 
0°56 1°86 0-21 0°03 
—— 0°63 _— 0-49 el 
= 2°28 oo 2°40 —--- 
at 0-70 eee 0°55 | ae ees 
= 2:29 a 214 | ee 
—— Sweet; about 0°06 —_—— Sweet ; no nitrite. | —— 
nitrite nitrogen. | 
| 
— 19°0 — 40-0 — 
None. Probable trace —— Probable trace | —— 
(masked by colour). (masked by brown | 
colour). 
fter incubation, | Clearbrownliquid.} After incubation, | Brown, slightly 
this wasarather| Not much sedi-| clear brown) turbid liquid,| clear brown 
brown, slightly-| ment (brown). liquid. A very| witha consider-| liquid. Not 
turbid liquid.| No smell. Al-| littlelightbrown| able amount of | muchlight brown 
Fair amount of| kaline. sediment. No| deep brownsedi-| sediment. Sus- 
light brown sedi- smell. Alkaline. | ment. Alkalinc.| picious though 
ment. Alkaline. Clean smell. not putrid smell. 
Alkaline. 
—s a a a 





6225. 





_ This sample is evidently on the 
| horder line 


| 


| 





ro? 


ad 














After incubation, Liquid brown and 


ae 


Thursday, 3rd Oct. 
1901, 12.45 noon. ; 


161° C. (61° F.) 


16°1° C. (61° F.) 


execs Jointed and incu- 
bated 4th Oct. 


1901. 
4th October 1901. | 23rd October 1901. 








None, or merest. 
trace. 
0°02 


None. 
0°30 


0°68 


2:29 


0°53 

3°29 
Sweet; about 0°03 
nitrite nitrogen. 


6 
days. 


25" 


le.c. approx. (but None. 
the colour was 


very green). 


After incubation, 
yellow liquid, 
with one flock 
of grey - brown 
sediment. Strong 
earthy smell. 
Alkaline. 


clear. Fair 
ao; Dates Olt 
reddish-brown 
sediment. Clean 
smell. Alkaline. 


Se 





a=-- 


This is another interesting case. 


| 
| 


| 


Sn a 









































* As those effluents were ratte to 
brown in colour, the oxygen 
figures given by the cuprous 
chloride method will be too low. 








a SN AN 


break up. The 


sampling was 
therefore not so 
good as usual. 





perly yet. Clean 


earthy smell. 
Very much lime. 
Much sulphate. 


Decidedly alka- 
line. 





ment was grey- 
ish-brown; not 
a great deal of 
it. At first the 
smell wastaken 
as putrid, but 
this must have 
been due to 


rubber of eke When the liquid was 


shaken a 
fishy smell. 


ittle, it had a very strong 
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LEICESTER SEWAGE FARM, 1900. 
Special Experiment. 
No. OF SAMPLE- - - - - 136 137 137 137 
NATURE OF SAMPLE. - SCREENED AND FINAL EFFLUENT | LARGE SMALL ft 
| SETTLED SEWAGE. over Arable and DUPLICATE. DUPLICATE. 
‘Pasture (two Fields). | 
Drawn - - . - - Monday, Tuesday, — — 
10th Sept. 1900. 11th Sept. 1900. 
12..) noon 1.0 p.m. 
‘Temperature of sample Lf 2 Can Goa Es 15°6° C. (60° F.) Hiss ae 
Temperature of air - 18°3° C. (65° F.) 15°0° C. (59° F.) Ss = 
If jointed or incubated —= — _ Jointed, Jointed, 
12th Sept. 1900. 12th Sept. 
Incubated, 
20th Sept. 1900. 
Analysed 12th Sept. 1900. 12th Sept. 1900. 24th Sept. 1900. 25th Sept. 1900. | 
Parts per 100,000, by weight. 
Ammoniacal nitrogen (by distillation) 6:20 0°63 0°71 0°86 
Albuminoid Bi 1°70 0:27 0:21 0:21 
Nitrous - None. 0°20 Trace. Trace. 
Nitric mr a eae “ea! Not done. © 1-69 129 0-97 
‘Total nitrogen by Kjeldahl, with re- 8°61 3:14 2:33 Soe 
duction (after correction for nitrite). 
Blank - : - - - (0 17 in © :20) (0°17 in 4°39) (0°17 in 3°43) — 
‘Correction for nitrite - - None. +012 None. ——— 
“«X” nitrogen - - = 0-71 0°35 0-11 —. 
‘Organic nitrogen by Kjeldahl, with 2-4] 0°62 0°32 Puce 
reduction. 
‘Oxygen absorbed from permanganate 5 62 119 0°64 0°44 
at 26°7° C. (80° F.) ; at once. 
4 A $b after four hours. 16°41 3°32 2°18 1°73 
‘Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - Not done. 0°16 0°62 — 
i a A after four hours. Not done. 1°36 ur 104/04 ae ] 
Smell after incubation - —— Not noted.  Pre- Quite sweet. Sweet. 
sumably sweet. 
Chlorine 9!) ue shies 714 10°34 10-20 Not done. ' 
Gases ; Parts per 1,000, by volume. ; 
‘Carbon dioxide (free) - - - : iy 28-34 — a | 
Oxygen (boiled out) | ae 0-05 Not done. eae 
Oxygen (by cuprous chloride)* : / ; 
When sample was analysed eo 1:0 to 1% ee ven 
(Very ditiicult to 
read.) 
| 
Nitrogen -  - Rs 14°39 eee Se 
Remarks -— - td obs This sample con- | This effluent was | Liquid now | Liquidnowclear. 
tained a good deal grey and muddy. slightly opales- | Very little 
of aggregated Land used after cent, the sedi- | sediment. Sweet 
sediment, which a long rest, and ment having | smell,: Alkaline. 
was very hard to not working pro- settled. Sedi- 
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LEICESTER SEWAGE FARM, 1900. 


Special Experiment. 











138 138 139 140 140 141 141 
TAL EFFLUENT, SMALL FINAL EFFLUENT | FINAL EFFLUENT SMALL FINAL EFFLUENT LARGE 
er ae a. as DUPLICATE. over saine land. over same land. DUPLICATE, over same land. DUPLICATE. 
0. ; 
Wednesday, — Monday, Tuesday, — Wednesday, ras 
thiSept., 1900. 17th Sept. 1900. 18th Sept. 1900. 19th Sept. 1900. 
12.0 noon. 12.0 noon. 12.0 noon. 12.0 noon. 
72° C. (63° F.) ss 16°7° C. (62° F.) 16°7° C. (62° F.) oe 20°6° C. (69° F.) a 
RS C. (73° F.) ——— 18°3° C. (65° F.) 17:2° C. (63° F.) as 20°6° C. (69° F.) —— 
ae Jointed, —— — Jointed, — Joi ted, 
13th Sept. 1900. 19th Sept. 1900, 20th Sept. 1900, 
Incubated, aud kept evidently Opened 24th, Oct. 
25th Sept. 1900. at laboratory and let in2to 3c.e. 
temperature. air; jointed again. 
Repeated this on 
26th et. 
sth Sept. 1900. |4th or 5th Oct. 1900.} 18t': Sept. 1900 19th Sept. 1900. | Ist October 1900. | 20th Sept. 1900. 14th Nov. 1900. 











0°84 1°12 1°48 1°60 1-50 1°13 1°26 





0°32 0:18 0°14 0°17 0°16 0°21 0°17 

0°20 Trace. 0-06 0°04 0°04 0°06 None. 

1:00 None. 0:20 0°04 0°04 0:26 None. 
With With- 
sugar. out. 

2°58 oe 2°01 1°88 Not done. Er 157 ~=—-:1°60 

(0°17 in 4°47) — (0°17 in 3°64) (0°17 in 3°42) # (0°17 in 2°52) (0°12 in 2°36 ; 0°12 
in 2°41) 
+012 — +03 +02 he + °03 None. 

0:22 — 0°13 0-03 ‘ 0°05. 0-14 

0°54 oo 0:27 0°20 * 0:26 0°31 

1-11 0°75 *0-19 0°64 0°82 0°79 0°59 

ie 

3°64 os 3-00 2°85 2°76 notre 2°93 fC 2-98 

0°48 oa 1-02 0°91 —— 1:05 0°56 

2-53 oe 2°80 2-93 is 43°20 203 {, 43 

hours 
ttrid. Fairly Putrid. Earthy. Clean earthy. a Putrid. Distinctly putrid. 
strong sulphide 
smell. 
10°96 oe 10°64 10°90 ee Not done. Not done. 
= | —- aiee = | thee: 436-45 sake 
ae = pee oo ar 0-22 eee. 
actically un- — About 1:0 (not Trace. | —— (Unaérated. Gave Not: examined. 
uérated. Got more) (Dark |(¢e., Jess than 1:0) only a_ pale 
turbid yellow- green obtained yellow green. ) 
green, which was not com- 
was not com- parable with 
parable with standard). 
standard. 
a8 — a — —_— 14°09 so 


is sample was | When this bottle | 'Ihis sample was | This sample was | Sweet earthy | Pale brownish | Dark yellow,with 








urbid and grey,| was opened, the| distinctly Lrown nearly clear, smell. Alka- yellowin colour a moderate 
mut with no| liquid smelt] and contained a 7.¢.,only slightly} _ line. aud slightly amount of 
leposited sedi-| putrid, though! small amount of opalescent, | (It was fairly opalescent. brown  floceu- 
nent. Possibly} not very badly} brownish _ floc- though of a warm autumn Faint sea-weed lent sediment. 
| faint sewage| so; but it was/ culent matter, distinct brown weather be- (rather pecu- Clean smell. 
mell. Alka- analysed on] otherwise it] tint. It con- tween Sept. liar)smell. Al- | This latter shows 
ine. account of the} was cleur. tained only a 19th and Oct. kaline. Very that the deeom- 
original sample} Earth smell, little red-brown Ist.) much lime. position had 
having con-! Alkaline. floceulent mat- —————————_|_ Muchsulphate. not proceeded 
tained 1:0 part ter. Fishy- Trace of iron. far in this time 
nitric nitrogen. | * Very low figure.| earthy smell. | + This portion was slightly aérated by at the labora- 
-- — Alkaline. mistake before incubating. tory tempera- 
The above is an interesting analysis, | { This is neirly, but not quite, all ture. 
as there was so little nitrate to | the free carbonic acid. 
draw upon. 


AP EAS SY = SS SS SSS SSS SSS SS ST SS - C SASSSESE 5RES AS 
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LEICESTER SEWAGE FARM, 1900. 
Special Experiment—continued. 








NOOR NAMPLE = ae ae 142 142 143 144 
NATURE OF SAMPLE - - - - FINAL SMALL DUPLICATE. | FINAL EFFLUENT | FINAL EFFLUENT 
EFFLUENT over same land. over same land. 


over same land. 





Drawn - : : - . Thursday, 20th —— Frid.,21st Sept. 1900, | Sat., 22nd Sept. 1900, 
Sept. 1900, 12.0 noon. 12.0 noon. 
12.0 noon. 

Temperature of sample - | 144° ©, (68° F.) satde 161° C. (61° F.) 17-2° ©. (63° F.) 

Temperature of air - - - - |18°9° C. (66° F.) — 99°0° Cy (72E:) 22-2 Os (F208.) 

If jointed or incubated - - : - — Jointed and incu- Jointed — 

bated 21st Sept. 22nd Sept. 1900. 
| 1900. 

Analysed - - - : - - | 22nd Sept. 1900] 28th Sept, 1909. Opened Opened 

24th Oct. 900. 24th Sept. 1900. 
Parts per 100,000 by weight. 

Ammoniacal nitrogen (by distillation) 1:37 1°30 — — 

Albuminoid ” S “ = : 0°19 0°16 —— aes 

Nitrous ; - - : - 0:07 0:06 — — 

Nitric A - - - - 0-11 0:06 — ———s 

Total nitrogen by Kjeldahl, with re- 1-94 Not done. —— st 

duction. 

Blank - - - - - - - | (0°17 m 2°83) ——_ —_—— aes 

Correction for nitrite - - - : +004 aes & 2 a eee: 

“X” Nitrogen - - - - : 0:20 pre & ae Mie A 

Organic Nitrogen by Kjedlahl, with re- 0°39 — — — 

duction. 
Oxygen absorbed from permanganate 0°80 0°93 S tesz ees 


at 26°7° C. (80° F.) ; aé once: 
” 9 » after four hours. 2°93 2°82 a Ae 


Oxygen absorbed from permanganate 
by ert incubated for five a8 


at 26°7° C. (80° F.); atonce - 0°59 — : oe sini 

- 43 after four hours. 2°70 — ae a 
Smell after incubation - - - |Pleasant earthy.| Pleasant earthy. ae ree 
Chlorine -— - - e452 - 10°60 Not done. —— — 


Gases ; Parts per 1,000 by volwme. 





eee (by cuprous chloride) :— 


Then sample was analysed - - | Unaerated. Got — og rere 
practically no 
green. 

Remarks — - : - - - - |Distinetly brown — When opened this| This effluent was } 
(more so than bottle contained} already distinetly | 
yesterday's < much black sedi-| putrid; the floc- 
sample) and ment, and the| culent matter (of | 
with a good sample was ex-| which there was 
deal of floc- ceedingly putrid.| not very much) 
culent matter Very bad effluent. | was greyish-brown. 
in it. Fishy- ; Not analysed. © Not analysed. 
earthy ces AS 
Alkaline. 
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LEICESTER SEWAGE FARM, 1900. 
Special Experiment—continued. 
144a 145 146 146 | 147 148 
FINAL EFFLUENT | FINAL EFFLUENT | FINAL EFFLUENT | DUPLICATE. FINAL EFFLUENT | FINAL EFFLUENT 
(small bottle) over same land. over same land. over same land. over same land. 
over same land. 
Sun. , 23rd Sept. 1900, | Mon.,24th Sept. 1900,/Tues. 25th Sept. 1900, — Wed., 26th Sept. | Thurs., 27th Sept. 
12.0 noon. 12.0 noon. 12.0 noon. 1900, 12.0 noon. 1900, 12.0 noon. 
p 17:2 C: (63° F.) 13°9° C. (57° F.) 16°1° C, (61° F.) Sere 13°3° C. (56° F.) 442°C 2 (58 Ee) 
18°3° C. (75° F.) 15'6° C (60° F.) 18°3° C. (65° F.) ——— _15°0° C. (59° F.) 17°8° C. (64° F.) 
Jointed and incu- —— ——— Jointed aoe eee 


bated 25th Sept. 
1900. 


26th Sept. 1900. 


12th Oct. 1900. 26th Sept. 1900. 


26th Sept. 1900. Opened 28th Sept. 1900. 


24th Oct. 1900. 


27th Sept. 1900. 





Unfiltered. Filtered 


























swimming about 


in it. Smell. 
slightly _fishy- 
earthy. | 


earthy smell. 


2°37 2°20 — 1°02 1-06 1-60 
0°24 0°38 — 023 0-18 0°30 
None. None. — 0:05 sa None 
0°02 O14 — 0.51 aa None 

2°84 2°87 —— 2°01 — 2°11 

(0°17 in 5:13) (0°17 in 5°20) — (0°17 in 3°64) (0°17 in 3°86) 

None. None. — + °03 —- None. 

0-21 0-15 — 0°20 — 0-21 

0°45 0°53 —— 3 0°43 — 0°51 

1-29 2°53 — 1°05 1°02 0°86 

3°54 5°49 — 3°07 2°95 3°63 

ayy: 2°68 — 0-66 = =Not 1°44 

incu- 
3°51 5°50 — 2°80 bated. 3°90 
Putrid. Very putrid. Black — Earthy. Distinctly putrid. 
sediment. 

10°60 11°60 — 12°36 12°50 

Unaerated. None. — About 1:0 None. 
(Comparison 
difficult. ) 

This incubated sam-| This sample was| Yellowish-brown | When opened this} This sample|Pale brown- 
le was clear and| slightly opalescent | and distinctly] was ape ne looked fairly} yellow as usual. 
ecidedly brown,|] with a small| opalescent, but} putrid, and wit good. It was| Slightly opal- 

with only a little; amount of dark-| with almost no} a black deposit.| yellowish-brown,| escent. Small 
sediment (brown-| brown flocculent| flocculent matter. | Not analysed. slightly’ _ opal- |- quantity of red: 
ish), It had a| matter. Good} Fishy-earthy escent, aud with | brown flocculent 
doubtful smell. clean smell. smell (a trifle sus- '| hundredsofvery |} matter, probably 

: picious). ‘| minute worms| partly bodies of 


worms. Not so 
many live worms 
as in yesterday’s 
sample. Clean, 
slightly _ fishy- 

When drawn, 


this sample looked better (than 
the preceding one), amd there 
was more oxygen in it. 
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LEICESTER SEWAGE FARM, 1899-1900. 
Brook Water, alone and admixed with Effluent. 


Subsoil Water ; 





No. OF SAMPLE - - - : 


NATURE OF SAMPLE - - - 2 





Temperature of sample - - : 
Temperature of air - - é 
If jointed or incubated - : : 


Analysed - - = P 2 = 





Parts per 100,000, by weight. 
Ammoniacal nitrogen : 
(a) By direct Nesslerization - 
(b) By distillation 


Albuminoid nitrogen 


Nitrous i“ < : 5 a 


Nitric a - - - 


Total nitrogen by Kjeldahl, with reduc- 


tion, after correction for nitrite 
Blank - = z 3 zu : 
Correction for nitrite - 


“X” nitrogen = - . - - 


Organic nitrogen by Kjeldahl, with re- : 


duction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia _ by 
Nesslerization. 


direct 


(b) Taking ammonia by distilla- | 


tion. 
Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once. 


i after four hours | 
Oxygen absorbed from permanganate | 
by sample incubated for five Baus | 


at 26 7° C. (80° F.); a# once 
Smell after incubation - 
Chlorine 

Gases; Parts per 1,000, by volume. 


Carvon dioxide (free) 


Oxygen (boiled out) = - - 


a (by cuprous chloride), when 
sample was apa y eA, 
Nitroyen : + fie 
Remarks - - - a A 4 
if 





after four hours | 


5 


SuBSOIL WATER 
at depth of 7ft. 6in. 


Drawn by a Syphon. 
Wednesday, 15th 
November, 1899, 


1.0 p.m. 
10°5° C. (51° F.) 


9-4° C. (49° F.) 


17th November 1899, 


6 


Brook WATER. 
80 yards below 
Effluent Outfall. 


Monday, 20th Nov., 
1899, 2.30 p.m. 


9-4° ©. (49° F.) 
9-4° C. (49° F.) 


21st November 1899. | 


127b 
Brook WATER 


above 
Effluent Outfall. 


Wed.,22nd August 
1900, 1.0 p.m. 


17°8° C. (64° F.) 
16°1° C. (61° F.) 





| Jointed 23rd 
, Angust, 1900. 


| hae “August 1900, 





130a 


BRooK WATER 
above » 


Effluent Outfall. 


Wed., 29th August 
1900, 12.0 noon. 


14°4° C. (58° F.) 
16°7° C. (62° F.) 
Jointed 


August 1900. 
7th Sept. 1900. 





0:005 
0:010 
None. 
0:040 
0°162 


(0°17 in 0°43) 
None. 
0:107 
0:117 (2) 





9081 
0:040 
0:079 





0-125 


No smell. 
1°96 

Total car- 
bon dioxide: 
Nov. 17th *Nov. 20th 
52°94 135°02 
| 


514. 5-01 


17°16 16°22 





When sample - ar- 
rived, there was a 
good "deal of sedi- 
mentinit. Nearly 
clear when ana- 
lysed. Decidedly 
alkaline. Much 
lime present, to a 
large extent as 
sulphate, Nosmell. 


The sample 


Was 


0°51 

0°52 

0:06 
Trace. 


0°46 
(Probably wrong.) 
0969 


(0°17 in 1°73) 
None. 
None (?) (—0°07) 

0°06 (2) 


0°18 
0°17 
0:28 
0-71 


0-97 
Slight earthy smell. 
3°80 


2229 


799 


17°15 


Sample opalescent, 
with yellowish 
tinge. <A __ little 
brownish and white 
flocculent matter. 
Strongly alkaline. 
Much lime. Much 
sulphate. Earthy 

smell. 


no doubt aerated in the process of draw- 

| ing, 

aye This portion had been standing in a full 
| 250 e.c. flask. 





} 0:17 0°17 





0'8 





This sample con- 
tained very 
little suspended 
matter. Wehad 
fairly warm 
weather between 
August 23rd and 
29th. 


| 
| 





This sample has 
maintained its 
aeration fairly 
well. (The 
standard tubes 
were at 
time somewhat 
weakened). 





30th 


this | — 
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LEICESTER SEWAGE FARM, 1899-1900. 
Brook Water, alone and admixed with Effluent. 


132 133 
GENERAL Brook WATER 
EFFLUENT in equal above ) 
proportions from | Effluent Outfall. | 


each Outfall. 





Monday, 3rd Sept. | Monday, 3rd Sept. 
1900, 11.45 a.m. | 1900, 12.0 noon. 






















15:0° C. (59° F.) 13:3C, (56; B,) 
17:2° C. (63° F.) Epos (66. b.) 
4th Sept. 1900. | 7th September 1900. 
(A) (B) (B) (A) 
i ches Lost. 0:08 0°03 
0°31 Lost. *0:03 0:07 
—— O11 None. oe 
a 0°36 0°18 ee 
—— 2°29 0°31 —— 
—— (0°13 in (0°17 in 0°60) 
3°26) 
—— + 06 None. — 
—_ 0:18 0:02 —— 
—— 0:49 0°05 —— 
a 0°79 0°24 —— 
— Deeg 0:47 a 
—_—— 0°60 = |0°20 3 0:06 4 
— 2,22 0-40) 298 0-35 | 4av8 
Slight earthy. | Not noted. Sure to 
be right. 
—— 12°24 2°30 —— 
Total carbon dioxide. 
—— 118°54 —— 
—— 6°29 —— 
10tel5 —— 6°50 — 
(Ve een) 
cal 14:04 ae 


oie clear but | Liquid clear, with a 
S 


ightly yellow. | small amount light 
Containeda little} brown  flocculent 
light-coloured| matter. Very 
matter in sus-| slight fishy-earthy 


smell, Distinctly 
alkaline. Very 
much lime. Much 
sulphate. No iron 
—or practically none. 
| * It will be noted that the figures for 
albuminoid nitrogen do not agree well 
| either here or in No. 135. The lower 
| figures for albuminoid mitrogen are 
| 


pension. Earthy 
smell. Alkaline. 











probably the better. 


6225 


133 


DUPLICATE. 


134 


* EFFLUENT AND 
BRook WATER 
mixed. 
Drawn 20 yards 


below 
Effluent Outfall. 


~ 





135 


EFFLUENT AND 
Brook WATER. 
Drawn 180 yards 
below 
Effluent Outfall. 





Monday, 3rd Sept 


13°9° C. (57° F.) 
ee 16°7° C. (62° F.) 


Jointed 4th Sept. 
1900 


14th Sept. 1900. | 5th Sept. 1900. 


1900, 12.30 noon. 


.! Monday, 3rd Sept. 
1900, 1.0 p.m. 


144° C, (58° F.) 
178° C. (64° F.) 


6th September 1900. 





0:02 0°27 


0:05 0:06 
None. 0°04 
0°17 0°36 


0°85 


(0°17 in 1°33) 
+02 
0-12 
0-18 


0°40 
iat 


0°32 
0°89 





Earthy. 
5°56 


17:13 
Not absolutely 
boiled out. 
574 


Nearly 6:0 5°50 


14:20 


This water has| Liquid clear, but 
with epunCiAne 
Co) 

brownish floccu- 


maintained its 


aeration well. amount 


lent matter. 


Fishy-earthy | 
smeli. Distinctly 
Very 
muchlime. Much 
sulphate. Little 
more than a 


alkaline. 


trace of iron. 


U 


Same bottle. 
Unfiltrd. Filtrd. Unfiltrd. 
Effit. Effit. Effit. 

(B) (A) 


0°32 
0:07 


0°33 0°24 
*0:06 0-11 
0°05 


0-26 —— —— 


0°48 (This must 
be wrong.) 


+03 


0°44 
0°79 


0°47 
0°87 
Practically no smell. 
4°60 


Total carbon dioxide. 
121:97 


+748 
5'8 





14:03 —— —— 


This looked very 
fairly clear, but it 
contained a small 
amount of brownish 
flocculentsediment. 
Slight fishy-earthy 
smell. Distinctly 
alkaline. Very 
much lime. Very 
considerable 
amountof sulphate. 

* See Note to No. 133. 

+This will have been 
slightly affected by 
the nitrite. 
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DUPLICATE. 


Jointed 4th Sept. 


1900. 
13th Sept. 1900. 


1°5 to 1°75 
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Deagram N° 23. 


Leicester Sewacse Farm. 


64 ” (epi ; 
ote, Sx Smeans Screened & Settled’. 


REFERENCE 
Parts per 100.000, by Weight. 





Albuminoia Setrogen. _... Sheyn tus 





ON pas oP, ccuavevieuatioal 


OrgqaricNit vgen, by Hyeldaht 


V2 Ace ee 


‘Oxpgen absorber from Permanganate: 
at: 26°7°C (80 F) in tour hours. .--- -.-.——— 


Chlorine (Combined). ___-.-,,-.-- 1 


folie tre gasping orgy ne om) 


Cellulose (still containing Fat)... 4) 


Parts per 100.000. by Valume . 
| Volume Solids tn suspension, by Centrtfige. 


(Scale divided by10)-- ho 
Note 
« cigures tn the Vertical line: represent 
Parts per 100.000” 


Figures in the Horizontal Line represent 
the nambers of the Samples analysed. 


A dotted line ts used when there ts a 
break ta the curve. 





Weller &Graham Lt¢ Litho. London. 
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LEICESTER SEWAGE Farm. 





Note 
It FIELD. 2° FIELD & 385 FIELD EFFLUENTS. S¥Surtaice Effluent 
CURVES. F =Feteration ” ” 
1ELD EFFLUENTS 2yo FIELD EFFLUENTS. 382 FIELD EFFLUENTS G=General es ee 
‘NO\ 31899. AUGUST, 190. RSRENERE, 1899. AUGUST & SEPTEMBER, 1900. Nov? SEPTEMBER & OCTOBER, 1901. ~ 
3 125 1274 1234 & $ 9 126 126 127 {!29 129 130 iat 132 132 3 382 352 353 gi 360 360 364 364 
Jointed Jointed Joierted Jointed ous ee gp ayia ae ea REFERENCE 


= SAF S&F SaF S&F S&F SXF S&F SRF Sar wet S&F S&F S&F S&F S&F S&F SAF Sx 


eee Al | get ca acc ee eee Smell of Samples when drawn Shewn thus + or — 
Boa - ane re Becececers D Seuders Renbation Toa Pee: 





Parts per 1000, by Voltume(C.C perLitre) 





Inssplved Oxygen when sample was GRAY sed) 
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farts per 100.000, ty Weight. 
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Ammoniacal Nitrogen. ---- Shewnthus 




















Total Nitrogen eldahl, 
see J ee 
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aa 28 =a a at 26°7'C(80F) in four hours._______- ie 

aah 

al == ee eT Chlorine (Combined) .....-.-.--- 

AS ; A Parts per 100.000. by Volume. 
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— | * ; I ak aa ahs - 
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Pt ee) 6 So, 
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Jointed Jointed  — Jointed as eo Incub? G Incub9 | Incubd ie Incub4 a ahi; oper ee aici Qa. 
a : < 
L ” Indicates @ sample Jointed) and Incabated: Indicates a sample jointed and 
L to stand at laboratory ere: alowed to stand for five days or longer ata Waller 2 Geahams ct lithe. London, 


temperature of 26.7°C (80°F). 
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Diagrar NEE. 
(En guieeriig Report 
Diagram 
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LEICESTER SEWAGE FAR 


110.000}... —__- 


) GWVES 
1s per acre calculated on the; 


Note, The shaded area gt 


26 


per acre ts 


sewage at: one 


with, 
This was not so (See notes on Experiment. 


that the entire 
The actaal amount treated 
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Diagram N? 26. 


- LEICESTER SEWAGE FARM. : 
SPECIAL EXPERIMENT, 28° FIELD EFFLUENTS. 
CURVES. 









4 SEPTEMBER ITH TO SEPTEMBER 27TY 1900. 
37 137 138 138 139 140 fot 14). 141 142 2 bast 144 1444145 146 147 148 


Incub? Joint Jointed 
eee Smell of Samples wher'drawn Shewn tus tor— 





REFERENCE 













Eee 
PFi¢ (t+ (eee dpe D Scudders Incubation Test... + - 
Phocdbbe st [t- eee as Judged by Smell + sen 


Parts per 1000, by Ue Sie Sepa be 


Dissolved Oxygen when sample was analysed 


ran 
La 
Ral 





bos) 
2a 7 
Ra 
am 


Parts per 100.000, ty Weight. 


rool gba on AEH Lie _--.. Shewn thus ———— 


Tote Nitrogen by Kjeldahl, 
with ey Gere ip Seen ae eae sree | ee 


CHE HE 
ee or 
ae 


SENS 
\ 


| 
am 


ea eS) ci deen 
Ww 


Nitric + Nitrous Nitrogen (together).._. ——— 


“Qorygen absorbed from Permanganate 
at 26°7'C(80E,) tr four hours._------- ——= 





ned 





Uhlorine: (Combined) Sei ees Sa Re gee 


Ports per 100.000, by Weight. 








é Albuminoid Nitrogen... ___.. Shewn, thus 
Eee A 
Or KK ailae Ba Le ed Ejeldahl, 
138 138 139 140 140 141 141 142 W2 143 144 ame 45 146 147 1460 Note 
und Incubé Incubé ~ Jointed Jointed Incub? Jointed ; Figures tn the Vertical line represent: 


arts per 700.000.” 
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SOUTH NORWOOD SEWAGE FARM, 


CHEMICAL REPORT. 


. Situation of Bo Gl dscls adjacent to South Norwood. 

. Total acreage of farm—191 acres. 

. Total irrigable area—152 acres. 

. Average area irrigated at one time—aS0 acres. 

5. Population draining to farm—21,000. 

. Population per acre irrigated——138. 

. Gallons of sewage per head per day—28’5. 

. Dry weather flow of sewage per 24 hours—600,000 gallons. 


. Gallons of sewage treated per acre per 24 hours—12,000. 


Gallons of sewage treated per acre per 24 hours, on the assumption that each 
acre of the irrigable.area is under sewage all the time—4,000. 


Character of the sewage—Purely domestic. 

Method a treatment—Screening, settling tanks, and surface irrigation. 
General character of the soil and subsoil—A clay soil resting on London Clay. 
Separate or combined sewerage system—Partially separate. 

The final effluent is discharged into—Chaffinch Beck. 


Number of years farm in operation (before 19v0)—36 years. 


62251 pe 
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SOUTH NORWOOD SEWAGE FARM. 


Like the sewage farms at Beddington and Rugby, that at South Norwood is of 
especial interest from having also [been in its early days under the observation of 
the Rivers Pollution Commission (Rivers Commission, 1868, Vol. I., First Report, 
pp. 85-87). At that time (1868-69) 30 acres of clay land received the drainage of 
4,000 people, z.¢., 133 persons per acre, which is about the same proportion as at 
the present day. Commenting upon the results of the bi-monthly analyses of effluent 
made during the year, the Commissioners say :— 


“These results, extending over an entire year, show that the effluent sewage 
was, except in a few instances,'so far cleansed, even upon this heavy clay soil, 
as to be admissible into running water without nuisance.” 


t need hardly be said, however, that the results were in no way comparable 
with those obtained from the porous soil at Beddington during the same period. 


As regards quality of soil and subsoil, the South Norwood farm is fairly compar- 
able with that of Leicester, though the clay at the latter farm is apparently the stiffer. 
But there is this difference that, while the whole of the Leicester farm is underdrained 
at a depth of about 4 ft., only 25 acres are drained at South Norwood, and there he 
depth of the drains is 2 ft. The effluent from those drains is always treated again — 
over a fresh piece of land ; hence, disregarding this small exception, the South Norwood 
effluents are to be regarded as surface effluents obtained by broad irrigation over clay soil. 


The actual system of sewaging in vogue at South Norwood is described in the 
Engineering Report.* Suffice it to say here that the (screened and settled) sewage — 
is treated over two, three or even four plots of ground, according to what is judged — 
necessary. As at Beddington, the whole of the storm water (amounting on 
occasions to five times the dry weather flow) is treated. 


The area irrigated at South Norwood now amounts to 152 acres, of which about 
one-third is under sewage at a time (at Leicester the proportion is one-fourth and at 
Beddington one-sixth). The whole of this irrigable area is under grass or crop at one 
time or another during the year. 








a 
* Part IV.: Engineering and Practical Report. 





Soil and Subsoil. 


The soil varies in depth from 6in. to 10in. It is on the whole a stiff heavy soil, 
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which has in some parts been lightened by the addition of ashes, overlying a subsoil 
is given in the following table 


of the London Clay. Its mechanical analysis, etc., 


{the subsoil, being stiff clay, was not analysed) ;-— 


SOUTH NORWOOD 





NAME OF FRACTION. 





SEWAGE FARM. 


Surface soil per cent. 


| 





























Not : Not 
| Ignited. Ignited. | Difference. Ignited. 
“ Gravel” (above 8:0 m.m. diameter) - - as ae 1 
Fine “ Gravel” (above 2:0 m.m. diameter) - 2°40 1°62 0°78 
‘Coarse “Sana” (above 1:0m.m. diameter) - | 0°80 0°61 0:23 
‘Coarse “Sand” (above 0°5 m.m. diameter) - 0°85 0°63 0-22 
Medium “Sand” (above 0°25 m.m. diameter) | 1°51 1:29 0:22 
» “Sand” (0°25 to 0°05 m.m.) - - | 44:54 | 38°75 5:79 
“Silt ” (0°05 to 0-01 m.m) - . : - | 16°93 13°55 3°38 
“< Dust” (0°01 m.m. and below, which settles 
from water in 24 hours) - - - | 28°39 23°42 5:97 
“Clay ” (the still finer residue peogitated 
from water by dilute nitric acid) - 2°20 1°87 0°33 
Loss on ignition (separate determination) 12°03 
97°66) *! 93°77 16°92 
Real specific gravity of soil dried at 110° C.} 2°31 
Apparent epeghe gravity - - : - { fee 
Number of particles im ‘I eae of the 
ignited soil (approx.) —- - - | 1,448,196,680 
Number of particles in 1 c.c. of the ignited 
soil (approx.) - : - . - | 1,772,144,510 
Weight of water retained by 100 grammes 
of the (air-dried) soil when fully drained - | 64:3 (‘) 
Parts per 100,000. 
Lime dissolved by water in 24 hours - -| 0073 0:020 
Lime dissolved by water, saturated with 
carbonic acid, in 48 hours - - - 0°382 0:076 


Subsoil per cent. 


Ignited. | Difference. 











For a discussion of the figures found in this table, see Section upon Soils, page 275. 
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Volume treated per acre, &e. 


The South Norwood sewage is purely domestic. 


The average dry weather flow is 600,000 gallons for a population of 21,000, or 
28°5 gallons per head. The public water supply being 25 gallons per head, this allows. 
3°5 gallons for subsoil leakage into the sewers, which is but a small proportion. 


Since the average area irrigated at one time is 51 acres each acre treats 1 1,800 
gallons in 24 hours. But, on our usual assumption, for purposes of comparison, that the 
whole area is under sewage continuously, each acre at South Norwood treats 4,000 
gallons of screened and setiled® sewage all the year round. Tn times of storm, as already 
stated, this volume is largely increased. (Cf Remarks on Street Surface Waters,. 
page 321. 


Three visits were paid to South Norwood, viz., in January, 1900, N ovember and 
December, 1901, and January, 1902. It was not under observation during the- 
summer. 


Nature of Sewage. Diagram No. 28. 
) g g 


As already stated, this sewage is purely domestic, and it is screened and 
settled, a small portion being settled without screening. Judging from the figures. 
obtained for suspended solids, the settlement must be fairly good on the whole: 
(cf. Part 1V.: Engineering and Practical Report). 


Seven chance samples and seven sets of hourly samples were analysed, the hourly 
samples having been drawn in «gual quantities every hour of the twenty-four. 
The latter, which are distinctly weaker than the chance samples, will be mainly 
referred to for any approximate calculations that may be made, though here again it. 
must be remembered that they will represent a sewage somewhat weaker than what 
a true average, taken according to rate of flow, would have been. No rain fell-while. 
the hourly samples were being taken (in January 1902). 


The chance samples were drawn in January, November and December, 1900, between. 
the hours of 11 a.m. and 2.15 p.m., the sewage being apparently at its strongest from 12 
to 1 o'clock. Among them is a sample of crude sewage (No. 170), but as it does not. 
differ appreciably from the others it may be included. Unfortunately, neither the: 
albuminoid nor the total organic nitrogen can be given for the first three of the chance. 
samples (the weaker ones), owing to an error in the standard ammonia solution at the. 
time. 


It will be seen from a giance at the Curves that the chance samples were extremely 
uneven in composition, but the hourly ones tolerably even as regards nitrogenous. 
matter, though not so in other respects. It is curious that throughout the whole of 
the samples, chance and hourly together, the chlorine should have been wonderfully 
constant, although the other curves are so uneven. The reason for these differences 
is no doubt to be found in the very unequal settlement of the sewage, as shown: by the 
highly varying quantities of suspended solids in the different sets of hourly samples. 
Taken all over, this settled sewage is a weak one, at least in winter, both as regards. 
dissolved and suspended matters. 


The temperature of the three chance samples drawn in January, 1900, was in 
every case 77 deg. C. (46 deg. F.), while three of those drawn in November of that. 
year had a temperature of 11:1 deg. C. (52 deg. F.), that of the remaining sample: 
being 12°7 deg. C. (55 deg. F.); this last was the sample of crude sewage. 
Some of the chance samples are noted. as dilute, and on the whole the amount. 
of sediment in them does not appear to have been large (for a sewage); this: 
points to efficient settlement on the whole, but the actual determinations of suspended 
solids made in the hourly samples show this settlement to have. varied-very much on 
different days, even though upon those days there was no rain and therefore no storm. 
water. ) oe om 


The smell of the/ chance samples when analysed varied between “soapy,” 
“very slight sewage,” “sewage,” “ peppermint,” and “sour.” In the hourly ones an 





* A small portion is settled only (¢f. Part IV. ; Engineering and Practical Report.) 
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absolute sewage smell was detected in the last two sets only, another being marked 
“clean,” and another “‘ earthy ”—a further proof of their weakness. Small quantities 
-of nitrate were found in four of the seven hourly samples—pointing to the presence 
-of some, though probably not much, subsoil water. All the samples were alkaline in 
reaction. 


The principal anaiyticai resuits are summarised as follows :— 


| Average. 
Total Nitrogen—(a) 7 chance samples (3°52 to 10°84) . - 7:07 
(b) 7 sets of hourly samples (4°46 to 5°68) - - LOE 5:20 
Ammoniacal Nitrogen—(a) 4 chance samples ( 5°35 to 7°60) - 6°50 
(b) 7 sets of houriy samples (3°15 to 4:05) - - - - 3°54 
Total Organie Nitrogen—(a) 4 chance samples (2:04 to 3°24) — - 2°55" 
(5) 7 sets of hourly samples (1°02 to 1:90) - : - - 1:49 
-Albuminoid Nitrogen—(a) 4 chance samples (0°98 to 1:23) - - 1:07 
(b) 7 sets of hourly samples (0°55 to 1:04). - - - . 0°67 
“ Oxygen absorbed” in 4 hours at 26: “5.€., (802 F.)—(a) 7 chance 
samples (6°74 to 20-08) - - rete: - - . 11°40 
(6) 7 sets of hourly samples (5°43 to 9:77) - - - - 771 
‘Chlorine—(a) 7 chance samples (7:28 to 8°88) - - 5 - 7:87 
(6) 7 sets of hourly samples (7:08 to 8 ue - : - 7-45 
Chlorine in water supply — - - : - - - 1°3 
Ratio of Ammoniacal Nitrogen to Chlorine—7 sets of hourly 
samples (1 : 1°86 to 1:2°37) — - : - - . ~ 1:52:12 
Ratio of Ammoniacal Nitrogen to Chlorine, after deducting 
the chlorine of the water supply—7 sets of hourly samples 
nr Pagito 1< 1°96)* - - - - - - - Sigel Stra. "54 
~Solids in Suspension—7 sets of hourly samples (9°60 to 38:20) - 21°90 
Solids in Suspension by Centrifuge (Volumes)—7 sets of hourly 
samples (80°0 to 245:0) - - - - - - - - 139-0 
1:48) 
ta5:9H 
, 1:7-4 | 
Ratios of Solids in Suspension to Centrifuge Solids - $1:47p~ - 1:66 
(7 sets of hourly samples) | 1:70 | 
Pb 7 26-4 
: io: 

Cellulose still containing fat, 7 sets of hourly samples (one 
extraction with dilute alkali and one with dilute | 
acid) - - - - - . - (2°80 to 12°84) 6°27 

(1:44) 
hee Ease a 
Ratios of Celluloses still-containing fat to Sus- | 1:3°8 
Sept Solids, 7 sets of hourly eee ae 123-0 - 1:3°6 
1:41 
ail 3 | 
ise Is! 


The general points of similarity and dissimilarity in fe various sewage curves have 
been already referred to, but a few further ones may be touched upon now. 


The unevenness of the chance samples, excepting in the matter of chlorine, is very 
marked, but there is a fair resemblance—though not proportion in every case—between 
the five other curves for albuminoid nitrogen, total organic nitrogen, ammoniacal 
nitrogen, total nitrogen and “oxygen absorbed,” t.e., they rise and fall for the most 











* As there may possibly*have been a little nitrate (not estimated) in these samples, that would make 
the above figure for organic nitrogen rather too high. 
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part in unison, though in varying degree. In the hourly samples these curves again 
follow one another, and the variations are, of course, less marked in this case. The 
most interesting point about the curves of the hourly samples is, perhaps, the striking 
manner in which the albuminoid and organic nitrogen on the one hand, and the sus- 
pended solids on the other, rise and fall together. In the five last hourly samples the 
“oxygen absorbed” curve agrees well with these, but not in the two first. 


To repeat, the sewage is, therefore, rather a weak one, containing in the hourly 
samples only 5:2 parts total nitrogen, 1°5 parts organic nitrogen (of which almost half 
is albuminoid), and 21 parts of suspended solids, and giving the low figure of 7°7 for 
“oxygen absorbed ” from permanganate. 


All the estimations of organic nitrogen were made by the Kjeldahl method with 
reduction. 


The average ratio between albuminoid nitrogen and “ owygen absorbed” in the four 
chance samples of sewage is 1 : 13-0 and in the seven sets of hourly samples 1 : 11:3, 
but in both chance and hourly samples the ratio is an uneven one. 


The average ratio between the figures for organic nitrogen and “ oxygen absorbed ” 
is in the chance samples 1 : 4°5, and in the hourly ones 1: 5-2. which agrees fairly well 
with the same ratio for the sewage at Beddington (1: 41 and 1: 6:0), Cambridge 
(1: 5°4), Aldershot Camp (1:48 and 1: 4-1), and Rugby (1: 5°6), all of which are 
domestic sewages or pretty nearly so. The Leicester figures, for a sewage containing 
much trade refuse, are totally different, viz., 1: 7-4 and 1: 9°6. 


The comparative evenness of the chlorine curve has been already referred to. In 
the hourly samples it gives a fair indication of the nitrogenous strength of the sewage: 
but not in the chance ones. 


Allusion has also already been made to the variations from day to day in the 
suspended solids of the hourly samples. The differences between the individual ratios. 
in the figures for solids in suspension (gravimetrically) and volume solids respectively 
are too great for much deduction to be drawn here without further analyses being 
made, the extremes in the seven estimations being 1 : 4:7 and 1: 911, average 1: 6°6. 
Those variations are obviously the result of the unequal settlement of the sewage on 
different days, already referred to. At the same time this figure is exactly the same: 
as the corresponding average ratio for Beddington (1 : 6-6), and very near to those 
for Rugby (1: 6-4), Cambridge (1: 6-0), and Leicester (1 :5°8). The ratio figure for 
Aldershot Canip settled sewage (1: 4:7) stands by itself, 


Without, therefore, attempting to enter into this point here, or without laying 
much stress upon averages obtained from only a few analyses in each case, it would 
seem as if this ratio (about 6°5 : 1) was a fairly constant one for settled sewages of 
moderate strength (the Beddington sewage is screened only). 


Only one estimation of true cellulose was made in the hourly samples of the 
South Norwood sewage, but the ratios between ‘cellulose still containing fat” and. 
suspended solids were fairly even (excepting in No. 459), the average figure being 
1: 36. There is, however, no deduction to be drawn here. 


First Field Effluents (Diagram No. 29.) 


Four of these were examined :—Nos. 22, 25 and 27, in January, and No. 177 in 
November, 1900. The temperatures of the first three varied between 6°1 and 66 deg. 
C. (43and 44 deg. F.), while that of No. 177 was 9-4 deg. C. (49 deg. F.). 


It will be seen from Mr. Kershaw’s Notes* that, when those samples were: 
drawn, the plots (three rye-grass and one fallow) had been sewaged continuously 
for either two or three days. He also states with regard to No. 27 that “the furrows. 
of one of the arable fields ran longitudinally with the flow of the sewage, thus effecting 
very little purification.” This last effluent (off arable land) ought to be comparable 
with No. 22 (off rye-grass), but it was by no means so good. 


All the above effluents were turbid and contained considerable quantities of 
flocculent matter (there was not so much apparently in No. 177 as in the others). 
Only No. 177 had a séwage smell when it came to be analysed, the others being 








* Part IV.: Engineering and General Report. 
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fishy or soapy. All were alkaline and all contained much lime and much sulphate in 
solution. It is noteworthy that No. 27 contained as much as between 2 and 3 ce. 
of dissolved oxygen per litre when analysed. 


Owing to an error in the strength of the standard ammonia solution used at the 
time, I cannot give the accurate figures for the ammoniacal, albuminoid and nitric 
nitrogen in the first three, but it will be seen that the total nitrogen in these four 
samples is reduced (roughly) by 33 per cent. as compared with the “ corresponding ” 
sewages, Nos. 21, 24 and 176, while the figures for ‘‘ oxygen absorbed” show a 
diminution of 50 per cent. The first sample of effluent (No. 22) probably withstood 
incubation, but the others did not. The three which were boiled out showed the 
moderate amounts of free carbonic acid that one finds in surface effluents. 


The passage over one field of rye-grass or fallow has thus effected a substantial, 
though of course, quite inadequate, purification of the sewage. 


Second Field Hfluents. Diagram (No. 29.) 


Three ordinary samples of these were analysed, viz., Nos. 26, 29 and 171, the 
first two in January and the third in November, 1900. Their temperatures were 
respectively 5 deg., 6°6 deg., and 10 deg. C. (41 deg, 44 deg., and 50 deg. F.) All 
the plots—rye- grass in every case—had been sewaged continuously for two days before 
the samples were drawn. 


In appearance and composition those second field effluents, showed a marked im- 
provement upon the first field ones. They were partly opalescent, and partly brown or 
lemon coloured, with only small amounts of suspended fiocculent matter (see Notes to 
Analyses), and they had a clean earthy smell. The two tested for reaction were 
alkaline and contained much lime and a considerable quantity of sulphate in solution. 


For the reasons already stated under the first field effluents, the exact figures 
for the ammoniacal, albuminoid and nitric nitrogen cannot be given for Nos. 26 and 
29, but a glance at the other figures of analysis and at the curves shows that these 
effluents were of very fair quality indeed. Nos. 26 and 171 still contained 5 and 3 
c.c. of dissolved oxygen when analysed, and No. 29,1 cc. The figure for “ oxygen 
absorbed” was in no case high, and all the samples withstood the incubation test as 
judged by smell ; No. 26 failed to pass Mr. Scudder’s incubator test, and No. 29 
barely passed it. 3 


_ In Nos. 26 and 29 there was a fair amount of nitrate. No. 171 was a very 
dilute sample as regards nitrogenous matter of any kind, on account of a heavy 
rainfall, though it was really less purified, relatively, than the other two. 


Sample No. 26 is comparable with the first field effluent No. 25, and it will be 
seen that the ‘‘ oxygen absorbed ” figure shows a reduction of fully 50 per cent. 


These second field broad irrigation effluents, therefore, while not of a high class, 
are fair. 


Notze.—In No. 171, the two determinations of organic nitrogen by Kjeldahl, with and without 
reduction, did not agree well, the method without reduction giving probably too low a result. 


Third Field, Fourth Field, and Combined or General Effluents. (Diagram No. 29.) 


Nine of these were analysed, one of them in duplicate after incubation. Of 
these, Nos. 31, 35 and 184 were general effluents, No. 175 was treated over four 
fields, and the remaining five over three fields. It must be noted here that the three 
general effluents contained the effluent from the South Norwood bacteria beds, after 
it had been subsequently passed over land, but the volume of this relatively to the 
whole volume of effluent was small at that time. None of the other final effluents 
contained this. | 


The temperatures of Nos. 23, 30, 31 and 35, drawn in January, 1900, varied 
between 33 deg. and 7:2 deg. C, (38 deg. and 45 deg. F.), while the other five, 


6225, x 
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drawn in November of the same year, were slightly warmer, 7.¢., they ranged between: 


66 deg. and 8'8 deg. C. (44 deg. and 48 deg. F.). 


These effluents varied in appearance, the general effluents evidently containing” 


rather more suspended matter than the others; but it is only fair to note that when 


No. 31 (a general efiluent) was drawn, the rainfall had largely increased the flow, and: 


there had also been heavy rains previous to the drawing of No, 35, another general 
effluent. From an excellent looking effluent with a slight brown tinge and only a 
trace of flocculent matter (No. 180), there were others which were turbid, and with 
appreciable amounts of matter in suspension. The smell, when the samples came to: 
be analysed, varied from fishy to earthy. The few samples which were tested for 


reaction were alkaline, and they contained a great deal of lime and a good deal of” 


sulphate in solution. | 


The remarks made in the Croydon (Beddington) Report with regard to the diffi- 
culties caused by the sudden increases in flow due to storm water apply to South 


Norwood also, and as the soil there is much less porous than at Beddington, they 


must apply with even greater force. 


The following figures show some of the more important average results from the: 


examination of 6 to 11 effluents, 6 for ammoniacal and albuminoid nitrogen and 


11 for total nitrogen and “oxygen absorbed,” These include three 2-field effluents. 


Details are given in the annexed Tables of Analysis and Curves. 


Average. 

Total nitrogen (0°55 to 2°83) —- - - - . : - 2°30 
Ammoniacal nitrogen (0°02 to 1°55) - : : : - - 0°87 
Albuminoid nitrogen (0°07 to 0:14) - - - : : - 0°10 
Nitric + nitrous nitrogen together (0°14 to 0°74 (@)) - - - 0:39. 
“Oxygen absorbed” from permanganate at 26°7° C. (80° F.) in 

4 hours (0°97 to 1°73) - - - - - : - - 144 
Incubator test (as judged by smell) - . . - 75 per cent. passed. 


(12 samples tested.) 


The analytical tables and curves are again unfortunately incomplete as regards 
the first four samples (Nos. 23, 30, 31 and 35), which makes any detailed criticism 
more difficult, but the samples drawn in November, 1900, appear to have been rather 
better on the whole than those drawn in January, though they certainly contained 
much less dissolved oxygen when analysed. Two of the January samples (Nos. 31 
and 35) had as much as 5 to 6 cc. per litre of dissolved oxygen when analysed, and 
No. 30 about 3 c.c., the amounts in the four others tested being about 1 cc. in each 
case ; but when the January set of samples were drawn and analysed the temperature 
was lower. The gases in the January samples were boiled out. It will be noticed that 
the five (Nos. 171, 175, 178, 180, and 184) tested for dissolved oxygen, when drawn, 
did not apparently give high results, the maximum figure being 3 ¢.c.; but as these 
effluents were all more or less coloured, the comparison with the standard copper 
chloride tubes was difficult ; hence those dissolved oxygen figures in the November 
samples must be taken as being almost certainly below the true value, and no real 
conclusions can be drawn here. 


The free carbenic acid in the four samples boiled out varied between 24:1 and 315 c.c. 


per litre, 7.e., it was moderate in amount, as one would naturally expect from a some- 
what dilute surface irrigation effluent. 


In four cases out of six the smell of the effluent when drawn—good or bad—agreed 
with the smell after incubation. 


The ammonacal nitrogen in five effluents drawn in November varied between 
0°70 and 1°55, average 1:0Z. It thus constituted about half of the total nitrogen. 


The alouminoid nitrogen in the five effluents drawn in November (one of them 
incubated), varied between 0-07 and 0:14, average 0:10. All of them kept on incuba- 


tion (as judged by smell), excepting probably No. 180, which had for its albuminoid — 


163 


‘nitrogen the low figure of 0°08. The rye-grass plot from which this last was drawn 
chad been sewaged for three days, but there was no rain on the day of drawing, 
-and only a little the day before. 


The figures for “oavygen absorbed” ranged in eight effluents between 1:01 and 1:73, 
-average 1°46. 


The uverage ratio of albuminoid nitrogen to “ oxygen obsorbed” from permanganate 
in 4 hours, after allowing for nitrite present, is in five effluents 1: 14, the extremes 
being 1:10 and 1:19. This is a higher ratio than that at some of the other farms, 
but the analyses are too few here to allow of deductions. 


incubation. Mr. Scudder’s test was rather more stringent here than the test as 
_jadged by smell, condemning four out of eight effluents. Out of seven comparable 
cases, this test agreed in four or five with the incubation result as judged by smell 
_and disagreed in two or three.* 


The total nitrogen in the effluents varied between 1°74 and 2°83, the average 
for eight effluents being 2°30 (the corresponding Beddington figure for sixteen effluents 
was 2°20). It will be seen from the curve that the total nitrogen was distinctly less in 
November than in January, indicating probably a greater absorption by the vegetation 
during the former month. The excessive rainfall on the day on which No. 35 was 
drawn had evidently not had time to make itself felt. 


The ‘otal organic nitrogen in the four effluents Nos. 175, 178, 180 and 184 varied 
between 0°33 and 0°41, which is nearly four times as much as the albuminoid nitrogen in 
the same effluents—a very high ratio. Unfortunately, the corresponding figures are not 
available for the other effluents, for the reasons already given. (The figures obtained 
by the method of Kjeldahl with reduction have again been taken here, as being on 
the whole preferable to those obtained by the method without reduction—see Curves ; 
though possibly the latter was the better in the case of No. 178. In No. 180 the two 
methods agreed absolutely. ) 


Excepting in No. 23, which contained 0°13 part of nitrous nitrogen, the figure 
for the latter in other seven effluents was very small—between 0 and 0:04. 


The nztric (including nitrous) nitrogen in the five effluents Nos. 175, 178, 180, 1804 
(incubated) and 184 varied between 0:14 and 0°74 (or possibly 1:08 2\average 0-41— 
a low figure. Only one duplicate sample, No. 178, was incubated; this was a good 
sample, and lost no nitrate in the process. No. 180 also withstood incubation, and 
still retained a little nitrate. But the data are altogether insufficient for any 
conclusions to be drawn here as to the extent to which the nitrate of the South 
Norwood effluents is drawn upon during incubation by the dissolved organic matter 
present. 


The Ratio of Oxidised to Unoxidised Nitrogen in the five samples Nos. 171 f, 
175, 178, 180, and 184 (taking the unoxidised =1) varies between 0°07 and 1-2, but 
there are too few analyses to allow of any deductions being drawn, especially as the 
results are in part contradictory. Probably a somewhat high ratio would be required 
for safety as the sewage is a dilute domestic sewage. The same rémark applies to 
the Ratio between the Oxidised and the Albuminoid Nitrogen. 


The Chlorine curve of the effluents, like that of the sewages, is a singularly even 
- one. 


In conclusion.—The South Norwood Farm treats a relatively small volume of a 
rather weak sewage and a relatively small amount of organic matter per acre of irrigable 
area (cf. Diagrams Nos. 3 and 4). The clayey surface soil is not a very deep one,— 
only 6 inches to 10 inches, but it has been to some extent improved and lightened 
_ by the digging in of ashes, and also, of course, by the sewaging which it has received. 

Taking the number of particles in unit weight of the Nottingham ignited surface 





* In these effluents the amount of nitrous nitrogen was not noted. after incubation, and it is assumed 
> that it was not greater than before it. 

+ This dilute 2-field effluent is included here. 
6225. x 2? 
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soil as 100, the soil at South Norwood contains 177; the corresponding number 
in unit volume is 150. So far as one can draw a conclusion from the analyses 
of the final and general effluents—which are fewer in number than might have 
been wished—these effluents were of moderate quality, the land having 
evidently had rather too much to do in January and November 1900. This was fully 
recognised by the authorities, who were at that time extending their bacterial filters. 
As has been already noted, the difficulty of treating sewage by broad irrigation on a 
clay soil, in which the aggregate effective surface for purification is small, must be 
greatly added to by sudden and irregular flushes of storm water. It seems also open 
to question whether it is advisable to continue sewaging one plot of ground for so long 
a period (from two to four days) as is actually done at South Norwood. It would 
make an interesting and useful experiment to try (not merely at South 
Norwood but at other farms also) the separate effects of treating equal quantities of 
the same sewage on equal areas of ground, but in the first case with more frequently 
intermittent doses than in the second. 


Final and General Effiuents. 


Percentage purification as calculated on the Aibuminoid Nitrogen and “ Oxygen 
absorbed” in four hours. 


(1) Albuminoid nitrogen. Average. 
(a) 4 chance samples of screened and settled sewage 
yielded - - : - - - - 0°98 to 1°23 - 1:08 
(5) 7 sets of hourly samples : . : 0°55 to 1:04 =i afcO:67 
5 final effluents (3-and 4-field and general) yielded 0:07 to 0:14 - 0-10 


Percentage Purification. 


(a) Calculated on the chance samples of sewage - - 90°7 per cent. 
(d) % hourly 2 . - - 85" lame 

(2) Oxygen absorbed. 
(a) 7 chance samples of sewage yielded ~~ 6°74 to 20°08 _ - 11°40 
(0) 7 sets of hourly samples — - - - 5°43 to 9°77 - rer 
8 final effluents (3-and 4-field and general) 1:01 to 1°73 - 1°46 


Percentage Purification. 


(a) Calculated on the chance samples of sewage —- : 87:1 per cent. 
(6) * A, hourly ‘ - - 81:1 Lf 


Comparison of the tolal nitrogen in the sewages and in the jinal and 
general effiuents. 


Average. 
The total nitrogen (a) in 7 chance samples of sewage was 3°52 to 1084 7:07 
(5) in 7 sets of hourly samples 4°46 to 5°63 - - 5°20, 
The total nitrogen in eight 3-and 4-field and general effluents was 
1:74 to 2:83 - - - - - - - - - - - 2°30 


The real nitrogenous strength of the screened and settled sewage will probably 
lie between the figuresy7‘07 and 5:20, or, at all events, above the smaller of these. | 
Again, as stated by Mr. Kershaw, there is no subsoil water on the farm, but the — 
volume of effluent must at times have been increased by rainfall and storm water. If 
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we neglect this gain by rainfall on the one hand and the loss by evaporation from the 
rye-grass on the other, the conclusion is that in autumn and winter something like 
one-third of the total nitrogen of the screened and settled sewage finds its way into 
the brook. 


Faperiment to see how much sewage a given area of the land would stand. 
(Diagrams Nos. 30, 31 and 32). 


At South Norwood a similar experiment was made to those at Beddington and 
Leicester, with the object of seeing how long the soil would retain its power of 
purifying sewage under a daily increasing dose. It began on November 27th, 190, 
and ended on January 2nd, 1901, although only two samples were drawn after 
December 20th, 1900. 


As circumstances would not allow of the usual South Norwood system of 
sewaging being carried out, the following procedure was adopted. To summarise 
from Mr. Kershaw’s Notes :— 


Two uncropped arable plots were set aside for this experiment, their areas 
being 1°25 and 1:0 acres respectively. These had not been sewaged since February, 
1900, z.¢., for ten months, but they hac borne a crop of mangolds in the summer, no 
artificial manure having been applied to the land. Two days before commencing 
the experiment the plots were freshly ploughed eight inches deep, leaving the ridges 
fairly high, a point which had an important bearing upon the results. The sewage 
was treated twice, being run from the first on to the second plot. Al the effluents 
were therefore surface effluents off uncropped heavy soil. 


A reference to Diagram No. 30, prepared by Mr. Kershaw, which is repro- 
duced here, and to the accompanying table given in the Engineering Report,* shows at 
a glance the actual number of gallons of sewage treated per acre per day on each 
plot. It will be seen that the second field invariably received much more, pro- 
portionately, than the first, these differences being due partly to the varying areas of 
ground which took the sewage and partly to rain collecting in the first field and 
mixing with the sewage there. 


It will be remembered that the average quantity of dry weather sewage 
treated by an acre at South Norwood, under actual irrigation in the ordinary way, is 
about 12,000 gallons per 24 hours; 2+ acres would therefore, at this rate, treat 
27,000 gallons. The actual dose applied at first, on November 26th—27th, was 15,000 
gallons, reckoned on the surface actually sewaged, the normal value being reached 
(theoretically) between December 2nd and 3rd. On December 20th the flow on to the 
first field was 39,000 gallons, or nearly twice the normal amount. 


Mr. Kershaw’s “ Additional Notes on Samples,” and that part of the Engineering 
Report which deals with the subject, should be read along with this.* 


First Field Effiuents. (Diagram No. 31). 


Exghteen of these first field efiuents were examined, for the most part only partially, 
but two of them in duplicate after incubation (Nos. 181 and 183). The greater 
number of these samples were small ones, hence twelve out of the eighteen-—besides 
the above two duplicates—-were incubated before being analysed. 


As regards temperature when drawn, they varied very little indeed. If we omit 
the last sample, No. 199, whose temperature was 6:1 deg. C. (43 deg. F.), the extremes 
of all the others were only 7:2 deg. and 9°4 deg. C. (45 deg. and 49 deg. F.). In the 
greater number of the samples there was comparatively little sediment, the land 
having acted well in this respect. As to smell when drawn, the first three samples 
were not noted, but No. 1864, drawn after the land had been sewaged for four days, had 
no smell, and No. 1878, drawn after five days, had presumably no smell ; 187p, however, 
drawn after seven days sewaging, had a slight smell. From that date down to the end of 
the experiment all the first fleld effluents smelt of sewage when drawn, 7.¢., they were 
not really purified efficiently. 


* Part IV.: Engineering and Practical Report. 
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But it will be seen from a glance at the Curves, that, excepting No. 190, 
they all kept upon incubation up to No. 1944, this being due to the abnormally large 
amount of nitrate which they extracted from the soil, nitrate no doubt stored 
up during and since the growth of the mangolds. And this period of extraction was 
unduly prolonged for two reasons, viz., (1) because it was only when kalf way through 
the experiment that this whole plot was (nearly) covered with liquid, and (2) because 
the land being still in ridges, the soil of those ridges gave up its nitrate very gradually, 
according as the sewage soaked up into it. The sudden rise in nitratein No. 1914 
(incubated), after the reserve in the soil had been apparently exhausted, can only be 
accounted for in this way. 


The other curves call for little comment, excepting that those for ammoniacal 
and albuminoid nitrogen and “oxygen absorbed,’ up to No. 1878 (five days’ 
sewaging), show that the purification effected on the sewage by this one-field treat- 
ment was very considerable indeed. 


The remainder of the first field effluents were only of interest from the point of 
view—how long would the nitrate present stand them in good stead during incuba- 
tion, a subject which has already been entered into. 


Second Field Kifluents. (Diagram No. 32). 


Sixteen second field effluents were examined, four of them in duplicate after 
jointing or incubation. (Reference should again be made to Mr. Kershaw’s diagram, 
his Table of volumes of sewage going on to the land, and his additional Notes on 
samples.) ; 


In temperature the second field effluents varied a /:t#le more than those from the 
first field. Leaving again out of account the last sample, No. 200, which had the 
lowest temperature, 5 deg. C. (41 deg. F.), that of the others tanged from 6:1 deg. to 
10 deg. C. (43 deg. to 50 deg. F). Excepting No. 187 (2), they were either clear or 
nearly clear until the last few samples were reached, these being slightly dim or 
turbid, and the colour was usually lemon. The removal of the suspended solids of 
the sewage by those two plots of arable land was therefore distinctly good. 


Up to No. 187c (four days’ sewaging), they had a clean smell when drawn, but — 
after that, or at all events from No. 188 (eight days’ sewaging) onwards, they smelt 
more or less when drawn, with the exception of No. 195. Any smell, however, had — 
altogether disappeared by the time the samples came to be analysed, all of them 
being noted then as clean, earthy, or slightly fishy-earthy, with the exception of — 
No. 194p (slight sewage smell) and No. 200 (fishy or soapy). It is probable. that 
No. 194D had been affected by a rather heavy rainfall on the preceding day. q 









A. study of the curves reveals much the same state of matters as in the case of the 
first field effluents, though the second field ones are, of course, of better quality ; 
hence it is hardly necessary to dwell much upon them. It will however be noted 
that neither the albuminoid nitrogen nor the “oxygen absorbed” ever went down 
verylow. Up to No. 194p there was generally a small quantity of dissolved oxygen 
in these effluents when they came to be analysed (a good sign), and a similar large 
reserve of nitrate to what was found in the first field ones, so that up to this point 
(after eighteen days’ sewaging) the nitrate sufficed to keep the effluent good on in- | 
cubation. Even No. 198 (after twenty-three days’ sewaging) had recovered a sufficient — 
reserve to effect the same end. With effluents containing such abnormal quantities — 
of nitrate (and sometimes of nitrite) I do not wish to lay much stress on the figures 
obtained for organic nitrogen (by the Kjeldahl method with reduction). Itis probable — 
that in some cases the nitrate was under-estimated and the organic nitrogen therefore 
over-estimated (compare Remarks upon this point in the Section relating to the 
Aldershot Camp Farm, and also in the Report dealing with Methods of Chemical 
Analysis}). The Kjeldahl method without reduction gave too low results. But the 
value of estimating the total nitrogen, as a check on the individual estimations of 
nitrogen in its variousyforms, is perhaps more than usually noticeable in these two 
sets of effluents. 


* Part IV.: Engineering and Practical Report. “ne : 
+ Part V.: Report on Methods of Chemical Analysis as applied to Sewage and Sewage Effluents. 
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It will be noticed that the chlorine in the earliest second field samples was 
excessively high, the nitrate being comparatively low. This was no doubt due to the 
greater solubility of chloride, or to its lesser retention by the soil, in presence of a 
small flow of liquid. 


As the conditions of this experiment were decidedly abnormal, both because of the 
large reserve of nitrate in the soil and the slow way in which this nitrate was given 
up, and also because of uncropped arable land only having been used, one cannot safely 
draw any further conclusions from the results with regard to the purification which 
the South Norwood farm might ordinarily effect. 


Surface Water from Streets. 


Four samples of street washings were obtained by Mr. Kershaw during his stay 
at South Norwood, wz., Nos. 174, 179, 182 and 1874, all drawn between November 
14th and December 21st, 1900. 


No. 174.—Surface water from streets and front roofs, which was drawn during 
sharp showers, the weather having also been showery on the day previous, was not 
particularly impure, and it kept sweet upon incubation ; there was a great deal of sand 
in it. 

No. 179.—Surface water from streets after moderate showers, the streets having 
been washed fairly clean by previous rain, did not contain much sediment, but was 
organically much more impure than the preceding sample and became putrid upon incu- 
bation. Mr. Kershaw wrote at the time :—“ Nos. 174 and 179 will be fair samples of 
street washings, as no other water but (periodically) that from the South Norwood 
baths enters the culvert.” This water ultimately joined the sewage from the 
settling tanks. 


No. 182.—Another street surface water, was drawn after the surface drain had 
been running for 3 hours. It was very turbid and brown, and contained much 
grit. Organically it might be classed as a dilute sewage. 


No. 1874.—Surface water from streets after a slight rainfall, though it showed a 
good deal of dark-coloured flocculent sediment after incubation, kept sweet. 


These few examples are sufficient. to indicate the additional burden thrown on the 
farm by the irregular flow of storm waters. (For details, see Tables of Analysis.) 


Water from the Chafinch Beck, alone and admixed with Effluent. (Diagram No. 33.) 


In the Engineering Report,* Mr. Kershaw says that the Chaftinch Beck, into which 
the farm effluent flows, has only a very small volume, the latter frequently not exceed- 
ing that of the effluent even in winter ; in dry seasons very little effluent leaves the farm 
at all, owing to evaporation. He states, too, that the Beck water evidently receives a 
certain amount of pollution from surface water drains, which join the effluent ditch 
before the effluent itself flows into the brook. 


Only four samples were examined, vzz., Nos. 32, 33, 34 and 1808; the first three 
of these are comparable with the effluent No. 31, all four having been drawn on 
January 30th, 1900. 


No. 31 (the effluent itself) has been already spoken of. It was a general effluent, 
whose flow had been largely increased by rain; though still well aerated on the day 
of analysis, it was otherwise only of very moderate quality. 


No. 32 represents the Beck water alone, the sample having been drawn 20 
yards above the effluent outfall. Mr. Kershaw states in his Notes* that the stream 
did not appear to be in very good condition at the time, and that its volume had 
been considerably augmented by recent rain. Unfortunately only part of the figures 
of analysis are available with regard to this and the other comparative samples, but 
these showed the Beck itself above the effluent outfall to be in a fairly satistactory 





Notze.—Though the table of curves gives Nos. 32, 33 and i80B as having been condemned by Mr. 
Seudder’s incubation test, the first two were only just over the mark. 
* Part IV.: Engineering and Practical Report. 
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state at the time, for a non-drinking water stream. No. 32 was fully aerated when 
analysed, but on the other hand it contained an appreciable amount of brownish 


flocculent matter. 


No. 33, drawn 20 yards below the effluent outfall, shows the admixture of 
effluent with Beck water very plainly. The curves, both of the total nitrogen and of 
the chlorine, make the volumes of the two to be pretty nearly equal. 


No. 34, drawn a quarter of a mile lower down the Beck, gave an analysis very 
similar to that of No. 33. All of these samples, 32, 33 and 34, were very well aerated 
when analysed, and all kept sweet upon incubation. 


No. 1808, drawn in November, 1900, 55 yards below the effluent outfall, ought to 
be fairly comparable with No. 33. It was not, however, quite so satisfactory, though it 
kept good on incubation. 


While therefore there was no question of nuisance arising from this stream at the 
time, the presence of sewage weed, observed by Mr. Kershaw, and the somewhat high 
figures obtained for “oxygen absorbed” show that, from one cause or another, the 
little brook was not in too satisfactory a state at the time the avove few observations 
were made. | 
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SOUTH NORWOOD SEWAGE FARM. 





TABLES OF ANALYSIS, 
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SOUTH NORWOOD SEWAGE FARM, 1902. 


Hourly Sewage Samples drawn in Equal Quantities per Hour. 
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No. OF SAMPLE - 


NATURE OF SAMPLE - - ” - 


453 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 


454 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 


455 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 








Rainfall while sample was being drawn 


Drawn - - - - 


Analysed . - - : . 


Parts per 100,000, by weight. 
Ammoniacal nitrogen -- - gana te 


Albuminoid nitrogen - - - - 
Nitrous nitrogen - - - - - 


Nitric nitrogen - - . - 


Total nitrogen by Kjeldahl, with re-— 


duction 
Blank - . - - - - 
«“X” nitrogen - . - - - 


Organie nitrogen by Kjeldahl, with 
reduction 


Oxygen absorbed from permanganate 
ati 26°7° C. (80° F.); at once - 


after four hours 


» ” 29 


Oxygen absorbed from permanganate 
by sample incubated for five days at 
26°7° C. (80°° F.) ; at once - = 

after four hours 


32 ? be) 


Smell after incubation - - 


Chlorine = : = : i 


Total solids (gravimetrically) 
Solids in suspeasion . : 4 


Solids in solution - E 


Cellulose still containing fat (by ex- 
traction with alkaliand acid alone) (a) 


a (by alkali, acid and ether) (b) 


fc (a) - - - 
Grit - -J 
| From (b) . - : 


Parts per 100,000, by volume. 
Solids by Centrifuge = - - : ‘ 


Remarks - - : : 2 2 











From 


Inches. 
0:0 


Monday, 13th 


January 1902, 5 p.m.; 


to 14th 


4 p.m. 


January, 


15th January 1902. 


(0-26 in 4-29) 


0-99 


141 
6°17 


Putrid, but not blackened 


ae 
96 O15 


fl 
19°01 


70 


7°34 
6°4 volatile 
9°6 non-volatile 


4°6 volatile 
4°4 non-volatile 


f 21°8 volatile 
\.55°2 non-volatile 


4:28 


1'48 


92°0 


(3 minutes) 


Turbid, with only a small 


amoun 


sediment. 


smell. 


t of dark-brown 
Earthy 
Alkaline. 








Inches. 
0-0 
From ‘Tuesday, 14th 
January 1902, 5 p.m., 
to 15th January, 
4 p.m. 


16th January 1902. 


4:05 
0°62 
0°06 
0°27 
5°63 


(0:26 in 4°37) 
0°63 


1-76 
612) 


Putrid; smell of sulphu- 
retted hydrogen. 


7°54 
yf 41°4 volatile 
100 oa 58°8 non-volatile 
.4/19°0 volatile 
\ 1:4 non-volatile 
79:8 (22-4 volatile 
‘w'°.57'4 non-volatile 
5°36 
1:48 
120°0 


(3 minutes) 


Turbid, with a small 
quantity of dark-brown 
suspended matter 
(slightly more than 
in 453). Not offensive, 
though fairly strong 


smell. Alkaline. 





Inches. 
0°0 
From Wednesday, 15th 
January 1902, 5 p.m., 
to léth J anuatry, 
4 p.m. 


17th January 1902. 


3°15 
0°75 
0°02 
None 


4°78 


(0-26 in 3°75) 
0°86 
161 


1°31 


7:87 


2°54 
7°34 
Putrid ; sulphide smell. 


7°08 
99°8 { 37°2 volatile 


62°6 non-volatile 


_a { 15°4 volatile 
soa 7°2 non-volatile 


.9 f 21°8 volatile 
7 here non-volatile 


5°88 


2°88 
2°52 


2°60 


167°0 
(3 minutes) 


Turbid, with rather 
more brown sediment 
than No. 254. Sus- 
picious but not dis- 
tinctly sewage smell. 
Alkaline. 
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SOUTH NORWOOD SEWAGE FARM, 1902. 


Hourly Sewage Samples drawn in Equal Quantities per Hour. 





456 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 





457 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 





Inches. 

0-0 
From Thursday, 16th 
January 1902, 5 p.m., 


to 17th January, 4 p.m. 


18th January 1902. 





458 


SCREENED 
AND SETTLED 
SEWAGE. 

24 Hours’ Sample. 











Inches. Inches. 
0-0 0-0 
From Friday, 17th January | From = Saturday, 18th 
1902, 5 p.m., to 18th | January 1902, 5 p.m., to 


January, 4 p.m. 


20th January 1902. 


19th January, 4 p.m. 


2ist January 1902. 
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SCREENED 
AND SETTLED 
» SEWAGE. 
24 Hours Sariple. 


Inches. 
0-0 
From Sunday, - 19tn 


January 1902, 5 p.m., to 
20th January, 4 p.m. 


22nd. January 1902. 





3°22 
0°87 
Trace. 
0°30 
5:42 


(0°45 in 4°43) 
1-08 
1:90 


2°22 


8°58 


7°62 


39°7 volatile 


106-6 55-9 non-volatile 


21°4 volatile 


382 16°8 non-volatile 


- ag.a f 18°3 volatile 
eI 4150-1 non-volatile 


12°84 


4°76 


181:0 
(3 minutes) 


Brown and turbid, with a | Apparently 


small amount of dark- 
grey sediment. 
smell. Alkaline. 


6225. 


a al 


Soapy 


3°42 3-45 
0°55 1-04 
Trace. None 
0°02 0:05 
4°46 5°26 
(0°54 in 3°79) (0°54 in 4°38) 
0°47 0°72 
1:02 1°76 
1°02 2°01 
5°43 8°33 
3°21 | 7 | 631) ¢ 
re 50 { days 10-97 | 4ays- 
Putrid. Putrid ; sulphides. 
7°42 8-00 
_, { 23°4 volatile ~.¢f 36'8 volatile 
44 64-0 non-volatile ee \ 68-4 non-volatile 
_,f 6°6 volatile ‘9 (18°4 volatile 
un 4 4°8 non-volatile ee (13°8 non-volatile 
~c.¢ f 16°8 volatile | 2.9 f 18°4 volatile 
ic 0159 ‘2 non-volatile ch 0154-6 non-volatile 
2°80 7°56 
1°52 5:48 
80°0 245°0 
(3 minutes) (3 minutes) 
weaker than | Apparently as dilute as the 
previous samples. Small last sample, with a small 


amount of 
sediment. 
Alkaline. 


light-brown 
Clean smell. 








amount of 
sediment. 
smell. Alkaline. 


vo 





dark-brown 
Faint sewage 


= ae 


3°84 
0°57 
None. 
0°14 
5°30 


(0°45 in 4°34) 
0-75 


7:14 


9°] volatile 
50°4 non-volatile 
volatile 
non-volati:e 


1 

4 
72 
24 

.q {21°9 volatile 
69:9 (48°0 non-volatile 


5°20 


1°72 


STON, 
(3 minutes) 


Turbid and brownish, with 
apparently a fair amount 
of flocculent sediment(light 
brown in colour). Faint 
sewage smell. Alkaline, 








SOUTH NORWOOD SEWAGE FARM, 1900. 
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Sewage with filuents. 








No. OF SAMPLE « ” “ “ 


NATURE OF SAMPLE « . . ” 


21 


SCREENED AND SETTLED 
SEWAGE. 


22 


First FIELD EFFLUENT 
(over one plot of Rye 
Grass). 





Drawn - “ - - “ 


Temperature of sample - 
Temperature of air - - 
If 7Ointed or incubated - 


Analysed - : : : 4 = 


ee EE ———————————— MM 


Parts per 100,000, by weight. 
Ammoniaeal nitrogen (a) by direct 
Nesslerization. vad ae 
re \AAG TENT rem ew 
Ammoniacal nitrogen (b)} by. <distilla. 
tion. 


Albuminoid nitrogen 
Nitrous nitrogen - - - 
Nitric nitrogen - - - : - 


Total nitrogen, by Kjeldahl, with re- 
duction (after correction for nitrite). 


Blank - = = 
Correction for nitrite - - - 
« X ” nitrogen - . - - 


Organic nitrogen by Kjeidahl, with re- 
duction. 


Organic nitrogen by Kjeldahl, without 
reduction. 


Oxygen Pelee from permanganate 
at 26°7° ©. (80° F.}; aé once : = 

EA $6 ,» after four hours 
Oxygen absorbed from permanganate 


by sample incubated for five ye 
at 26°7° C. (80° F.); at once 


” ” ” after Sour hours 
Smell after inenbation - : e 
Chlorine - = * 2 5 2 


Gases: parts per 1,000, by volume. 


Carbon dioxide (free) - - - : 
Oxygen (boiled out). - - - ; 
Nitrogen - - - . ‘ : 
Remarks - - - - 3 








Tuesday, 9th January 
1900, 2.15 p.m. 


7°8° C. (46° F.) 


llth January 1900. 


Turbid. 


0°51 


3°52 


(0°28 in 5°51) 
+ 0°26 


7°84 


Sewage weak from recent 
rains. It apparently 
contained some laundry 
refuse. 








Tuesday, 9th January 
1900, 3.15 p.m. 


61° C. (43° F.) 


11th January 1900. 


Turbid 


2°96 


(0°41 in 4°84) 
+ 0:20 


0°45 
1°83 


Not noted, but presumably | Distinct 


sweet. 


7°64 


35°60 
0°42 
19-08 


This effluent was turbid, 
with a good deal of 
flocculent matter. 
Rather strong earthy 
and fishy smell. Slightly 
alkaline. A great deal 
of lime and much sul- 
phate in solution. 


% 





23 


FINAL EFFLUENT 
(over three ey: Rye 
Grass plots 


‘Tuesday, 9th January 
1900, 5.15 p.m. ~ 


4°4° ©, (40° F.) 


10th January 1900. 





(0-28 in 4-71) 
+ 0°07 


0°42 


0-71 


0°36 
1°55 


putreiactive 
smell, bur no blacken- 
ing. 


7'28 


11th January. 
31°50 
1°73 
18°64 


Turbid, though there 
was not much floceu- 
lent matter. A kindof 
fishy smell. Slightly 
alkaline. A_ great 
deal of lime and much 
sulphate in solution. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 


Sewage with Effluents. 





24 


\CREENED AND SETTLED 
SEWAGE. 





25 


First FIELD EFFLUENT 
off Rye Grass Field, No. 45. 
(Sewaged since 14th inst.). 








26 
FINAL, 7.¢e., SECOND FIELD 
EFFLUENT 


off Rye Grass Field, No. 44. 


27 


ANOTHER First FIELD 
EFFLUENT 
off arable ploughed Field 
(this was also drawn to corre- 
spond with Sewage No. 24). 





Tuesday, 16th Jannary 
1900, 1 p.m. 


78° C. (46° F.) 


17th January 1900. 





Tuesday, 16th January 
1900, 2 p.m. 


6°7° C. (44° F.) 


19th January 1900. 





Tuesday, 16th January 
1900, 3 p.m. 


5-0° C. (41° F) 


18th January 1900. 


Tuesday, 16th January 
1900, 2.45 p.m. 


are CG. (44° F =) 


17th January 1900. 





Turbid. 


0-04 


4°62 


(0°41 in 7°80) 
+ 0:02 


1°30 


7°60 


This was evidently very 
dilute. It contained a 
moderate amount of light 
brown sediment. Soapy 
(notsewage) smell. Faintly 
alkaline. 


Turbid. 


{0°_8 in 4°80) 
+ 0:10 


Ss 
I 
ites} 


9 
EI 
bo 


Putrid. with smell of am- 
monium sulphide. No 
blac. ening. 


6°62 


29°44 
0°60 
20°37 


Turbid, with a good deal of 
flocculent matter. Fishy 
smell. Distinctly alka- 


line. <A great deal of 
lime and much sulphate 
in solution. 


‘turbid. 


(Q:28 in 4:05) 
+ 0°01 


0°13 


0:97 


0°44 
1°33 


No appreciable smell. 


21°38 
519 
16°63 


Opalescent, with a very little 
flocculent maettr. Clean 
earthy smell. Distinctly 
alkaline. <A great deal of 
lime and much sulphate. 


| 
| 








Turlid. 


0:82 


4°45 


Slight blackening, with a smell 
of sulpiuretted hydrogen. 


Very turbid, with much grey 
flocculent matter. Soapy 
smell; slightly alkaline. 
A great deal of lime and 
much sulphate. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
Sewage and Effluent. 














No. or SAMPLE = - = 9=) = 4 - 28 29 
NATURE OF SAMPLE - . > der - SCREENED AND SETTLED SECOND FIELD 
SEWAGE. EFFLUENT. 

Drawn - : 7 - - - - | Monday, 22nd January 1900, | Monday, 22nd January 1900, 
2.30 p.m. 4 p.m. 

Temperature of sample - - . : 78° C. (46° F.) | 67° C. (44° F.) 

Temperature of air - - : - - — seo 

If jointed or incubated - - - - - —— seas 

Analysed .° =) 9-0/0 Ga ape ee 23rd January 1900. 24th January 1900. 








Parts per 100,000, by weight. 
Ammonical nitrogen : 
fa) By direct Nesslerization . - - Turbid. Turbid. 


(b) By distillation - E = c : ee —— 
Albuminoid nitrogen - - - - - —- ed 
Nitrous nitrogen - - - - - - 0-12 0:04 


Nitric nitrogen - - : : atte 


Total nitrogen by Kjeldahl, with reduction 5°16 2°36 
(after correction for nitrite). 

Blank - : - - : hie : (0°59 in 8°77) (0°44 in 4°20) 

Correction for nitrite - - - - - + 0:06 + 0:02 


“*X” nitrogen - - : - - - — : — 


Organic nitrogen by Kjeldahl, with re- os — 
duction. 


Organic nitrogen by Kjeldahl, without — — 


reduction. ‘ 

Oxygen absorbed from permanganate at 1°60 0:28 
26°74 On (80a nt.) is at once. 

‘s as HH ‘ after four hours 8°18 157 


Oxygen absorbed from permanganate by 
sample incubated for five days at 26°7° C. 


(80° F.) ; at once - - —. 0°31 

ss ss pe 3 after four hours a 1°38 
Smell after incubation- - - -~ - — Clean, 'earthy. 

Chloring 02 /wies doin Madar 8-28 7°10 


Gases: parts per 1,000, by volume. 


Carbon dioxide (free) - . * : - ———- 29°87 
Oxygen (boiled out) - - - - - ——— 0°85 
Nitrogen + tr ay ee — 17°51 7 


Remarks * - * a - 2 


Light-brown and grey deposit. | Opalescent and distinctly 
Soapy and very slight sew- rown, but with hardly any 
age smell. Alkaline. flocculent matter. Earthy 

smell. Very distinctly 
alkaline. A great deal of 
lime and a_ moderate 
amount of sulphate in 
f solution. 





SS ee 


ati ne 
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NORWOOD SEWAGE FARM, 1900. 











1900, 4.45 p.m. 
7°2° C. (45° F.) 


23rd January 1900. 


Turbid, 


0°04 





2°64 


(0°28 in 4°48) 
+ 0°02 


0:40 


1°68 


0-41 Six 
yp) days. 


Earthy. 


7714 


oT 
3-19 


17°26 


Opalescent and brownish, but con- 
taining very little flocculent 
matter. This looked a better 
effluent than the previons ones. 

ny smell, Distinctly alka- 
ine. 





1900, 4 p.m. 
3°3° C. (38° F.) 


31st January 1900. 


Effiuents. 
30 OL 35 
THIRD FIELD GENERAL FINAL GENERAL FINAL 
EFFLUENT. EFFLUENT. EFFLUENT. 
Monday, 22nd January Tuesday, 30th January Monday, 29th January 





1900, 3.30 p.m. 
3°3° C. (38° F.) 


30th January 1900. 





Turbid. 


0-02 


to 
as 
“sI 


(0-44 in 4°39) 
+ 0-01 


QO. 
1- 


3 


or 
I 


Doubtful. 


7-54 


27-21 


5°42 


This contained an_ appreciable 
amount of brownish floeculent 
matter in rather small particles. 
Earthy smell. Slowly alkaline. 
A great deal of lime and a good 
deal of sulphate. 


Turbid. 


0°03 


to 
(=p) 
Or 


(0°59 in 4°81) 
= 0°02 


Six 
days. 


0°45 
1:33 


Faint sewage smell 





7:10 
(a) (b) 
11.30 a.m, 2.30 p.m 
23°92 24°37 
6°05 5°98 
17°85 17°76 


(a) Sucked into apparatus from 
sample bottle. 

(b) Transferred at 11.30 am. to 
250 ¢.c. flask, which was filled 
completely and stoppered. 


This contained a moderate amount 
of brownish floeceulent matter. 
Heath Xe smell. Slowly al- 
kaline. A great deal of lime 
and a good deal of sulphate. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
Sewage and Effluents. 





No. OF SAMPLE - - - - 


170 


CRUDE SEWAGE. 


NATURE OF SAMPLE - - 








170.(1) 


ARTIFICIAL 
STORM WATER. 


171 


FINAL 
E¥FLUENT 
over two plots of 
Rye Grass, 
corresponding to 
Sewage No. 170. 
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FINAL 
EFFLUENT 
over four plots of 
Rye Grass. 





Drawn - - - - - - - | Wednesday, Tth 
November 1900, 12 
noon. 

Temperature of sample F.) 


12°8° ©. (55° F. 
10-0° C. (50° F.) 


Temperature of air 


If jointed or incubated 


Analysed - ae - - : - | 8th November 1900. 





Wednesday, 7th 
November 1900, 
2.30 p.m. 

100° C. (50° F.) 


94° C, (49° F.) 





Parts per 100,000, by weight. 


Ammoniacal nitrogen : 
(a) by direct Nesslerization - 


(A) (B) 
Same bottle. 


(b) by Distillation - - - ole tan | 5°56 
Albuminoid nitrogen 1:05 0°92 
Nitrous nitrogen - | None. None. 


Nitric nitrogen Not done. Not done. 

; : ! | No sugar 

Total nitrogen by Kjeldahl, with re- 7°52 
5 y J ’ ‘ 


; b 3 ee | 
duction (after correction for nitrite). 


Blank = - - So (O eau (0°13 in 
; ‘ oak 5:49.) 5°45.) 
Correction for nitrite None. None. 
“« X” nitrogen 138 0°77 
Organic nitrogen by Kjeldahl, with | 2:38 1°69 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct — — 
Nesslerization. 
(b) Taking ammonia by distillation —- — 
Oxygen absorbed from permanganate | 2-70 PARI | 
at 26°7° C. (80° F.); at once. 
rs Pe 7 after four hours | 12:94. Lost 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at onee f oe a 
x = after four hours a = 
Smell after incubation - — — 
Chlorine : : - - = - | 8:96 8°80 





Gases: parts per 1,000, by volume. 


Oxygen (by cuprous chloride)* : 
(a) When sample was drawn 


(b) — 


” ” ” analysed 


Remarks — - - - - - Contained only a 


small amount of 


rather  floeculent 
*Note.—AstheSouth Norwoodeffluents | deposit. Sewage 
hadalemonto brown tinge, the figures | Smell. Alkaline. 


for oxygen obtained with euprous 
chloride are almost certainly too low. 


Sewage made down 
to half the Mersey 
and Irwell Stan- 
dard on the albu- 
minoid nitrogen, 
2.é., containing 0:06 


part albuminoid 
nitrogen —_—sper 
100,000. It was 


made from 20 e.e. 
sewage, No. 170, 
and 336 ¢.c. tap 
water. Portion(a) 
was kept ina small 
(full) bottle at 
atmospheric tem- 
perature, while (b) 
was incubated at 
80° F., until 14th 


November. 
8 Nov. 14 Novy. 
(a) (b) 
0:24 0°24 0:24 











(a) was just putrid. 
(b) was very putrid. 


8th November 1900. 








(A) (B) 
Same bottle. 
= 0:14 
(approx, ; turbid) 
0:02 0014 
0:09 0°09 
None. None. 
0:29 0°31 
No sugar 
0°49 0:60 
(0°12 in 0:13 in 
0°82) 1:01) 
None. None. 
0:09 0:19 
0-18 0:28 
Finished 
27 Nov. 
— 0:14 
— 014 
0°46 0°45 
1°87 nla? Wye 
— 0:29 
— 1°54 


Clean, earthy. 








6°66 


3°'0 
about4'0; about 3-0; 
3°'1 
Three observers. 
Note.—The  stan- 


dards had deterio- 
rated. 


Tnesday, 14th No- | 
vember 1900, 2°45 | — 


p.m. 
8°9° C. (48° F.) 
10°6° C. (51° F.) 





2°14 
(0°13 in 326) 
None. 
0°32 
0°45 


none (—‘35) 


, Finished | 
O07 tose Noy. 


0°43 
1°33 


0°52 | One day, b 
1°54 } siinta a 
Sweet. 


3°0 
1:0 to 1°5 





This sample was of 
a rather deep 
lemon colour, an 
contained a small 
but appreciable 
amount of light- 
brown — floeculent 
matter, 


\ 


Lemon - coloured, 


with a small 
amount of red-| — 
brown  flocculent | 
matter. Smell | | 
slightly fishy- | | 
earthy, 





15th November 1900. | - 


Three ob-| 


Less than 
2°0 servers. |, 
About 1:0 


«6 


a 


r 

. 
& 
t 









: i Sad al 
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SCREENED 


ND SETTLED 
SEWAGE. 





esday, 20th 
ovember 1900, 
) noon. 

mC. (52° F.) 


TC. (44° F.) 


_ 


st Nov. 1900. 





6°80 
B 110 
None. 
Not done. 
9°52 
0°12 in 6:92) 
None. 
1-62 
2°72 


2°78 
14°26 . 


nsiderable 
rown sediment ; 
le liquid por- 
on : Belt 
rongly of pep- 
ink, A oe 
ne. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 


Sewage and Effluents. 


177 


First FIELD 
EFFLUENT. 


Tuesday 20th 
November 1900, 
2 p.m. 
9°4° C. (49° F.) 
72° C, (45° F.) 


2Qist Nov. 1900. 


178 


FINAL EFFLUENT. 


178 


SMALL 
DUPLICATE. 


180 
FINAL EFFLUENT 
off Rye Grass. 





Tuesday, 20th No- 
vember 1900, 3 p.m. 


67° C. (44° F.) 
72° C. (45° F.) 


22nd November 1900. 








(B) 
Turbid 


(A) 
5°27 
0°62 


4°92 
0°56 
None 
Not done. 
6°79 
(0°13 in 10:10) 
None. 
1°31 
1°87 


1'21 
1:04 
7°90 


7°68 


Turbid, distinct] 


ellow liquid, 
ut otherwise 
not much sedi- 
ment. Strong 
sewage smell. 
Alkaline. (The 
sample had a 
strong sewage 
smell when 


(A B) 
Same bottle, no doubt. 

-- 0°87 
(approx. ; turbid) 

0°68 0-71 





0:07 0:06 
0-01 0-01 
0°73 1-08 (not 
reliable). 
1°82 1°88 
(0°12 in (0°13 in 
2°71) 2°87) 
+ ‘Ol + ‘01 
0°33 ? 
0°40 ? 
Finished 
about a 
week later. 
0:25 0°17 
0°40 0:42 
1:19 1-21 
0:28 0:28 
1:19 1:07 
Sweet or Sweet. 
Doubtful? 
— 7°90 
2°0* 
About 5°75* 


This looked a good 
effluent, clear, with 
a slight lemon 
tinge, and but a 
small amount of 
light-brown floccu- 
lent matter. 
Clean, slightl 
fishy-earthy smell. 

* Cannot explain 








Jointed and incu- 
bated, 21st No- 
vember. On top 
of incubator part 
of time. 


6th December 1900. 


SS 


0°62 
0-07 


1:03 


——— 


No smell. 


Mere trace, if any. 


This incubated 
sample was 
practically clear 
and colourless. 
Very little light 
brown sediment. 











Wednesday, 21st 
November 1900, 
1.45 p.m. 


72° ©. (45° F.) 
78° C. (46° F.) 





180a 


FINAL EFFLUENT 
over three plots 
of Rye Grass 
(small sample). 


Friday, 23rd No- 
vember 1900, 1.15 
p.m. 
6°7° C. (44° F.) 
ie2> Cy aon We) 


Jointed and incu- 
bated 24th No- 
vember, partly on 
top of incubator. 





23rd November 1900. | 7th December 1900, 
Turbid, — 
1°20 0°82 
0:08 0°10 
Very slight trace. 
0°30 


0-21 
No sugar 


1°69 


Sugar 
1°78 


(0°12 in (0°12 in 
254) 266) 
None. 
0:20 


0:28 


0:29 
0°37 


f Finished 
\ Dee. 5th. 


0:24 


0°34 
1:01 


0°37 
1:14 
Putrid Two 
Sweet f observers. 
(Probably putrid.) 
6°90 


2°0 


About 10 
Very green and 
difficult to read. 
Standards deterio- 
rated. 


This looked an ex- 
cellent effluent, 
slightly brown 


coloured, and with 
little more than a 
trace of brown 
flocculent matter. 
Clean fishy-earthy 
smell. 





Finished within a 
fortnight. 
Probably a little 
high. Rather 
turbid. 
0°46 


0°12 


This incubated 


liquid contained | 


several black 
specks, and one 














or two good-sized 
brownish aggre- 

ates; also a 
dead fly. 
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GENERAL 
EFFLUENT. 


Wednesday, 28th 
November 1900, 
2.15 p.m. 
7'8° C. (46° F.) 
9°4° C, (49° F.) 


29th Nov. 1900. 





1:07 (slightly 
turbid.) 
0°95 
0°14 
0-01 
0°65 
2°05 
(0-13 in 3°12) 
+ 0:01 
0:30 
0°44 


0°37 
1‘73 


0°43 
1:59 
Strong, earthy. 


0°5 


1.3 obser- 

10 vers, 

Very dim and 
difficult to read. 


1:0 or oy laa 


This sample was 
dim and opales- 
cent, with a dis- 
tinct brownish 
tinge, and con- 
tained an appre- 
ciable amount of 
brown floceulent 
matter. Fishy- 
earthy smell. 


drawn. ) this discrepancy. 


6225, 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
(Special Experiment.) 








No. OF SAMPLE - . b : : 


NATURE OF SAMPLE - 





Drawn - - - . - : : 


Temperature of sample rit, ) eee 
Temperature of air - : 5s 


If jointed or incubated - : - 








18la 


SCREENED AND 
SETTLED SEWAGE 





Tuesday, 27th No- 
vember 1900, 1 p.m. 


11°1°C. (52° F.) 
10-6 C. (51° F.) 


181a (2) 


ARTIFICIAL STORM 
WATER 

Made to Mersey and 
Irwell — standard 
on the albuminoid 
nitrogen, from No. 
18la., t.e., 100 c.c. 
sewage and 944 ¢.c. 
tap water. Mixed, 
28th November, 
and a portion incu- 
bated. * 








181a (3) 
The same mix- 
ture as in No. 
18la (2), but 
containing 01 
part nitric 
nitrogen per 
100,000, added 
as potassic ni- 
trate, KNQ3. 
Incubated* 28th 
November. 


181a (4) 


The same mixture 
as No. 18la (2), 
but containing 0°2 
part nitric {nitro- 
gen per 100,000, 
added as KNO,. 

Incubated,* 28th No- 
vember. 


Analysed - - - - - - | 28th November 1900.| 10th December. 10th December. 10th December. 
Parts per 100,000, by wesght. 
Ammoniacal nitrogen (a) by direct seo As ee — 
Nesslerization. 
Ammoniacal nitrogen (b) by distilla- 7°60 === some. es 
tion. 
Albuminoid nitrogen - : : : 1:23 = ee ao al 
Nitrous nitrogen - - - : - None. ; 
— — 0:05 + 
Nitric nitrogen - - : - - Not done. 


Total nitrogen by Kjeldahl, with re- 
duction (after correction for nitrite). 
Blank - - - x : 5 5 


Correction for nitrite - - - - 
“X” nitrogen - - : - : 


Organic nitrogen, by Kjeldahl, with 
reduction. 

Organic nitrogen, by Kjeldahl, without 
reduction : 

Taking ammonia by distillation § - 


Oxygen absorbed from permanganate 
at 26'7° C. (80° F.) ; at once. 

i 5s ss after four hours 

Oxygen absorbed from permanganate 

by sample incubated for five days 
at 26°7° C. (80° F.) ; at once. 

after four hours 


” 9 ” 
Smell after incubation é = : 
Chlorine 2 é 3 A E z 


Gases: parte per 1000, by volume. 
Oxygen (by cuprous chloride) : 
(a) When sample was drawn - 


(b) 6 ae8 rs analysed - 


Remarks - : és 4 y 


10°84 
(0°12 in 7°86) 
None. 
2°01 
3°24 


2°60 
20°08 


Mr. Kershaw noted 
on label that there 
were fairly strong 

coming 


soapsuds 
down in this sam- 


pie, 
Aggegated brown 
Sour 


sediment. 
smell. Alkaline. 


Reforein- After in- 

cubation. eubation. 

28th Nov. 10th Dee. 
0:19 1:20 


Very putrid. 


10th December 
1:07 


Very putrid. 


10th December. 
0°65 


—_—— 


—_— 


Very putrid. 


—_- 


Notes.—1. * On top of ineubator from 28th November to 
incubator from 5th December to 10th December. 


2. + There is, of course, great difficulty in estimating 


nitrate in mixtures like these, with certainty. 

3. The above results show that the nitrate corresponding 
gen per 100,000, in addition to the oxygen contained in 
is insufficient to keep a dilute (domestic) sewage, yielding 
trogen per 100,000, from becoming putrid upon incubation. 


(The tap water also contained 


a little nitrate, in addition to 


ef, page 322, Note.) 
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SOUTH NORWOOD 
(Special Experiment.) 


SEWAGE FARM, 1900. 














{ 
181a (5) 181 181 183 
; The same mixture as| SURFACE EFFLUENT | SMALL DUPLICATE. SURFACE EFFLUENT 
No 18la (2), but con- | from Ist arable field. from Ist arable field. 
taining 0°3 part nitric 
nitrogen er 100,000, 
added as KNO,. Tuesday, 27th Novem- — Wednesday, 28th No- 
elas 28th No-| ber 190v, 2.15 p.m. vember 1900, 1.30 
vember. 


10th December. 


8-9° C. (48° F.) 
122° ©. (54° F.) 


28th November 1900. 


Jointed andineubated, 
28th November 
(partly on top of in- 
cubator). 
7th December 1900. 





p.m. 
7°8° C. (46° F.) 
8°9° ©. (48° F.) 


29th November 1900. 





183 


SMALL VUPLICATE, 


Jointed and incubated, 
29th November 
(partly on top of in- 
cubator). 
13th December 1900. 


























pare sees Turbid. 
aed ae 0°34 0°43 
; This dribbled ? Dribbled : 
; 0°18 { over. \ 0°18 { over. O24 
) O14 0:13 0°32 
: 0:10 t 
J 10-49 10:19 8-11 
No sugar. Sugar. 
eee, 11°82 —- 9°38 9.36 
—— (0°13 in 17°36) —— (0°12 in 13°18 and 0°15 
in 13°28) 
a +0°07 — + 0°16 
Sn 0°69 we 0°30 0:28 
pee 0°87 — 0°52 0°50 
ess — — 0°31 
10th December. 
92 0:42 aoe 0°58 
a 1:80 — 2°09 
— 0°42 — 0°74 
=— 1°53 —— 2°35 
Very putrid. Doubtful, but not bad. | Slight mustard smell, | Earthy ; Two ob- 
but quite good. Doubtful. f servers. 
Le 11°20 —— 9°68 
cols 1:0 (2) pate = 
3 to 4 ¢.c. 
Three 10 
About 3:0 : : Two ob- 
About 3:0 observers. None. { Metab: servers. 





: 5th December. 


Inside 


Very hard to read. 


Very dim and difficult 


to read. 


Very muddy, with a| Note.—The above am- | Opalescent, with dis- 


large amount of light 


monia estimations 


tinct brownish tinge, 


such small amounts of} brownsediment.Clean| wereprobablyslightly| but no suspended 
earthy smell. affected by a little | matter. Clean smell 

to 0°3 part nitric nitro-| Mr. Kershaw wrote:| sediment at the bot-| (slightly fishy - 

94 volumes of tap water, | ‘‘This effluent comes} tom of the bottle not| earthy). 

0°12 part albuminoid ni-| from whathad filtered | being detached until 


its dissolved oxygen ; 


through the soil into 
the pick- up carrier at 
the bottom of the 
lot; the top water 
aie not reached the 
bottom of the first 
plot. The effluent 
comes through the 
soil in most curious 
places, owing, no 
doubt, to the presence 
of small cracks.” 


the test for dissolved 
oxygen was made. 


0°51 
0°19 


0°60 


rather 


Earthy and 


musty. 


- slight sediment. 
I 


neem RE EERE EE AS EE TA SS TN 7 


6225. 


180 


SOUTH NORWOOD SEWAGE FARM, 1900. 


(Special Experiment—continued.) 





INO OF SAMPLE -. (=) = 1)” = No. 185a 
N: mm : - - |SURFACE EFFLUENT, 
sea oka aaa off First Arable 
Field. 
Drawn - - - - - - - | Thursday, 29th Nov. 


1900, 1 p.m. 


Temperature of sample - - - 7:°8° C, (46° F.) 











Temperature ofair - - ©-. > 8:3° C, (47° F.) 83°C. (47 E)a) he eae eee 83° C. (47° F.) 
If jointed or incubated - - - —— — cubated, 30th ee 
Nov., partly 
on top of in- 
cubator. 
Analysed - - - - - - 30th Nov. 1900. 30th Nov. 1900. 11th Dee. 1900. 15th Dee. 1900. 
Parts per 100,000, by weight. 
Ammoniacal nitrogen (a) by direct a Turbid. Saat ae 
Nesslerization. 
Ammoniacal nitrogen (b) by distilla- 0:28 0-06 — 0:54 
tion. 
Albuminoid nitrogen - S91 ee - 0°22 0°21 — 0°17 
Nitrous nitrogen- - - - - 0°31 0:07 
1°73 4°69 
Nitric nitrogen - - - - - 8°69 1:79 
Without With 
Total nitrogen by Kjeldahl, with re- Sugar. Sugar. 2°29 — — 
duction (after correction for nitrite): 10°32 10°11 
é (0°15 in 14°66 ee 
Blank =o 9 ee eh eee (0°13 in 3-44) ees alee 
Correction for nitrite.» .- - - +0°16 +0 03 — — 
‘XxX nitfogen «= Jie ew 8 0°82 0°61 0°16 — ede 
Organic nitrogen by Kjeldahl, with 1-04 0°83 0°37 -_— —. 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
No oxalate. 
(b) Taking ammonia by distillation 0°31 0°154 Nesslerized oe — 
13th Dee. 
Oxygen absorbed from permanganate 0°50 0°21 — 0°33 
at 26°7° C. (80° F.) ; at once. 
9 9 59 after four hours 2°32 1:58 ahd, Laan 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - . 052 0°49 — — 
» %3 ” after four hours 2°08 1:43 en wPe: 
Strong 
Smell after incubation - 5 " a ; Mey } Clean earthy. Sweet. Earthy. 
putrid. 
Chlorine - - 2 3 i 9°24 16°40 aa — 
Gases: parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
a) When sample was d 2°0 4:0 — 3:0 
2 ph oa la 12 three y|{About 30.) Three) 
b uy : 153 : } ,» 38°75- ob- None, — ; 
2 4 phe | 0°75 observers rf 3°9 J servers 


Very turbid and 
greenish to read. 


This effluent was 
decided] turbid 
and emon- 
coloured, but 
otherwise had no 
appreciable _ sedi- 
ment. Clean 
earthy smell. 


Remarks F i A é 2 








185 185 186a 
FINAL SURFACE SMALL SURFACE EFFLUENT, 
EFFLUENT, DUPLICATE. off First Arable 
off Second Arable Field. 
Field. (SMALL SAMPLE. ) 


Thursday, 29th Nov. 
1900, 2.15 p.m. 


7:2° C. (45° F.) 


Friday, 30th Nov. 
1900, 11.30 a.m. 


7°8° C. (46° F.) 























This was blue, but 
dim to read. 


This effluent, though | This incubated | This sample after 


a little turbid, | sample was | incubation  con- ! 
contained really | clear, but dis- | tained only a very 
very little sus- | tinetly brown, | slight sediment. | 
pended matter. | with a small | When drawn, it 
Clean earthy smell.| amount of | was fairly clear, 


brown - red | with no smell. 
sediment. 


Sweet smell. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
(Special Experiment—con tinued.) 








186 187b 187c 187d 187 
SECOND FIELD EFFLUENT, SECOND EFFLUENT SECOND 
SURFACE EFFLUENT. off First Arable Field FIELD EFFLUENT | off First Arable Field. FIELD EFFLUENT. 
(rain). (rain). 
Friday, 30th Noy. 1900, | Saturday, lst Dec. 1900, | Saturday, Ist Dec. | Monday, 38rd “Dec. | Monday, 3rd Dec. 


11.45 a.m. 
72 C. (45° F.) 
8:3° C. (47° F.) 


Ist Dec. 1900. 





Turbid. 
0-07 

() 0-12 
0:09 
2°98 


3°21 


(0:13 in 4°77) 
+0-04 
None (-0-05) 
0-12 


No oxalate. 
0:074 Nesslerized 
llth Dec. 
0:40 
Not done. 

0°35 Six 
168 f days. 

Sweet. 

16°80 
1:0 


Little more than a 


trace. 


This looked a very fair 
effluent. It was nearly 
clear, had a slight 
lemon colour, and 
there was very little 
sediment in it. Clean 
earthy smell. 


| N.B.—A few floating 
| seeds were rejected. 

(1) Note.—Too dark a 
day to Nesslerize, so 
this distillate was kept 
over till Monday. 


11.30 a.m. 
TS C. (46°F) 
8°3° C. (47° F.) 


8rd Dec. 1900. 


0°33 

0°20 

0°23 

8°13 (2) 
Without With 


Sugar. Sugar. 
8°13 8°08 


(0°15 in 11°58 and 11°51) 
+ 0°12 


? 


2 


0°53 
2°12 


Seven 


ian 
days. 


1°60 
Earthy, quite sweet. 


8°44 


None. 


Opalescent and de- 
cidedly yellow, but 
containing hardly any 
sediment. Earthy 
smell. 


(?) This nitrate esti- 
mation must be too 
high ; it was done on 
10 cc. 





1900, 1.30 p.m. 
66° C. (44° F.) 
83° C. (47° F.) 


3rd Dec. 1900. 


Turbid. 
0712 
0-11 
O'1l 
2°11 
2°60 


(0°14 in 3°86) 
+ 0-06 
0°15 
0:26 


o17{ 


0°35 , 
1°50 


13th Dee. 


0°48 
1°58 


Not exactly sweet, 
but not putrid. 


15°90 


Trace. 


Clear, and containing 
only a trace of dark- 
ish flocculent matter, 
also some floating 
seeds (rejected). 
Earthy smell. 


No oxalate, 








1900, 11.45 a.m. 
7:2° C. (45° F.) 
6°7° C, (44° F.) 


Jointed and ineubated, 
4th Dec., partly on 
top of incubator. 


18th Dec. 1900. 








1°04 
0-14 
0°25 
3°14 


} 


0°37 


Earthy. © 


Less than 1:0 


This was brownish 
and clear (sediment 
not noted, evidently 
not appreciable). 
When drawn it had 
a very slight smell. 


1900, 12 noon. 
6°7° C. (44° F.) 
6°7° C. (44° F.) 


4th Dee. 1900. 


——__- —. we 





Not noted. 
0-10 
O17 
0:07 
6°58 


8°04 


(0°14 in 11-92) 
+003 
1:12 
1-29 


: Ist 
Onl { Jan. 
0°50 
2°08 
0°49\ Six 
1-88 f days. 

Sweet. 
13°42 
05 


Trace, 2.e. about 0:2. 


This was appreciably 
turbid, with an ap- 
preciable amount of 
dark sediment ; also 
some seeds, which 
were removed as far 





as possible. Clean, 
slightly fishy-earthy 
smell, 
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SOUTH NORWOOD SEWAGE FARM, 1900-1. 


(Special Experiment. 





continued. ) 





No. OF SAMPLE - 


NATURE OF SAMPLE - 


188a 


First ARABLE FIELD 
EFFLUENT. 


188 


SECOND ARABLE FIELD 
EFFLUENT (weather, 
abnormally warm ; rain). 


189a 


First ARABLE FIELD 
EFFLUENT. 





Drawn - 


Temperature of sample 
Temperature of air 


If jointed or incubated 


Analysed 








Parts per 100,000, by weight. 
Ammoniacal nitrogen : 
(a) by direct Nesslerization 


(b) by distillation - 


Albuminoid nitrogen - - 


Nitrous nitrogen - 


Nitric nitrogen 


Total nitrogen, by Kjeldahl, with re- 
duction (after correction for nitrite). 
Blank - 


Correction for nitrite - 


“X” nitrogen” - 
Organic nitrogen, by Kjeldahl, with 
reduction. 


Organic nitrogen, by Kjeldahl, without 
reduction : 


Taking ammonia by distillation 


‘Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
after four hours 


be) 3) bP) 


“Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C, (80° F.) ; at once 

after four hours | 


>) ” ” 


‘Smell after ineubation 


Chlorine 


Gases: parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
(a) When sample was drawn 


(b) 


analysed 


+P) ” ” 


Remarks 


Wednesday, 5th Decem- 


19th December 1900. 








ber 1900, 11.30 a.m. 
9°4° C. (49° F.) 
15°6° C. (60° F.) 
Jointed and incubated 


6th December, partly 
on top of incubator. 








1:09 
0°13 
0°13 
1:10 


Earthy. 


When drawn this had a 
slight sewage smell, 
After incubation it 
showed a considerable 
brown sediment, rather 
aggregated. Earthy 

smell. Alkaline. 

| 











Wednesday, 5th December 
1900, 12.45 noon. 


9-4 (49° F.) 
15°6 (60° F.) 


6th December 1900. 








Turbid. 
0-19 
0°18 
0-08 
5°43 
Without sugar. With sugar. 
6°88 6°92 
(0°15 in 9°92 and in 9°98). 
+0°04 
0:90 0°94 
1:08 1°12 


0:30 
(a little turbid, so probably 
rather high). 
0°33 


2°24 


0°54) 
1:96 f 
Sweet ; earthy. 


Seven days. 


10°16 


None. 


This was dim, but with only 
very little brownish floceu- 
lent matter. Lemon 
colour. Clean, fishy-earthy 
smell. An ar aga bok 
large quantity of lime in 

solution and also much 

sulphate, but only a trace 
of iron. 





Friday, 7th December 
1900, 11 a.m. 


8°3° C. (47° F.) 
9°4° C. (49° F.) 


Jointed and incubated 
8th December, partly 
on top of incubator. 


20th December 1900. 


151 
0-13 
0-08 
0-09 


When drawn this efilu- | 
ent was cloudy, with a 
distinct sewage smell. 
After incubation it was 
practically colourless, 
slightly turbid, and 

with a small amount | 

of grey-brown  sedi- | 
ment. Earthy smell. 
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SOUTH NORWOOD SEWAGE FARM, 1900-1. 


(Special Experiment—continued.) 





189 189 189b 189c 190 191 
SECOND ARABLE LARGE First ARABLE SECOND ARABLE First ARABLE SECOND ARABLE 
FIELD EFFLUENT DUPLICATE. FIELD EFFLUENT.| FIELD EFFLUENT. | FIELD EFFLUENT.) FIELD EFFLUENT. 


(diluted by rain). 


Friday, 7th Decem- 
ber 1900, 12°30 
noon. 


Jointed 8th Dec. 
(weather warm). 


8th December 1900. | 4th January 1901. 


Turbid. — 

0°19 0°25 

0-13 0°17 

0:06 0°10 

4°43 4°63 
(possibly too low). 

5°93 5°75 


(0°14 in 8°80) (0°14 in 8-48) 





+0°03 +005 
1:12 possibly 0°60 
1:28 too high. 0-77 
None. None. 
(—0°07) (—0°01) 
0°36 0°55 
— 1°65 
0:21 0°51 
1°58 161 
Sweet. Sweet ; earthy. 
10°80 os 
1°75 — 

Not more than 0°5 | None, or merest 
on 8tk December | trace. 
(two observers). 
Excessively green, 
and difficult to 
read. 

When drawn this | Slightly lemon- 
had a very slight | coloured, and 
smell. On 8th] with a_ small 
December it was | amount of very 
nearly clear, with |} flocculent brown 


_ practically no sus- 


ended matter. otherwise quite 
Clean smell, but | clear. ean 
decidedly _fishy- | smell. 


earthy. Anenor- 
mous amount of 
lime and much 
sulphate in solu- 
tion; no iron, or 
practically none. 





organic matter ; 


Saturday, Sth 
December 1900, 
1] a.m. 
8:9° C, (48° F.) 
10°6° C. (51° F.) 

Jointed and in- 
cubated 10th 
Dec., partly out- 


side incubator. 
3lst Dec. 1900. 


1°32 
0°21 

0:02 (approx.) 
0°64 


0°78 (approx. ) 


0°45 


Earthy. 


Mere trace. 


When drawn this 
effluent had a 
strong sewage 
smell. After in- 
cubation it was 
brownish, with 
very slight sedi- 
ment. Earthy 
smell. 








Saturday,8th Decem-| Monday, 10th 
ber 1900, 12°40} December 1900, 
noon. 12 noon. 

8°3° C. (47° F.) 7°8° C, (46° F.) 


111° C. (52° F.) 9-4° C, (49° F.) 


Jointed and ineu- 
bated 11th Dec., 
mostly inside 
incubator. 

lst January 1901. 


10th December 1900. 











Turbid. 
0°30 
0°17 
0:06 
5:29 

Without 


sugar. 
6°26 


None. 


With 
sugar. 
6°22 
(0°15 in 9°05 and in 

8°99) 
+0:03 
0°44 0°40 


0°61 0°57 





0°24 
(Very approximate. 
Very turbid). 
0°43 


2:11 


0°43 
1°86 


Sweet. 


9°54 


2°0 


0°5 \ On 10th Dec., 
0°75 f (two observers.) 
Very green to read. 


When drawn this | When drawn this 


hadaslightsewage | had a sewage 
smell on shaking. | smell. Afterin- 
On 10th December | cubation there 


it was clear, bright | was a consider- 





able amount of 
black sediment 
with a ver 
offensive sul- 
phuretted hy- 
drogen odour. 


lemon-yellow in 
colour, and with 
only a very small 
sooty of brown 
occulent matter. 
Clean earthy or 
slightly fishy- 
earthy smell. 








Monday, 10th 
December 1900, 
1.30 p.m. 
67° C. (44° F.) 


10°0° C (50° F.) 


12th Dec. 1900. 


Turbid. 
0:20 
0-13 
O-1l 
4°68 


5°52 
(0°14 in 8°14) 
+0°06 
0-40 
0°53 


0°10 


0:34 
1°99 


0°34 
1°66 


Sweet. 


10°50 


15 


Less than 1:0 on 
12th December. 
Very green and 
difficult to read. 


Slight smeli when 
drawn on 12th 
December. 

Lemon - coloured, 
but less so, I 
think, than No. 
192. Trace of 
brownish floceu- 
lent matter. 
Clean, slightly 
fishy-earthy 
smell. 
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SOUTH NORWOOD SEWAGE FARM, 1900-1. 


(Special Experiment—continued). 





No. OF SAMPLE - - - - - 


NATURE OF SAMPLE - - . - 





Drawn - eigen 2 = < A 
Temperature of sample - - - - 
Temperature of air 


If jointed or incubated - - - : 


Analysed - - - - - - 


$$$ 


19la 


First ARABLE FIELD 
EFFLUENT. 


Tuesday, 11th December 
1900, 11.20 a.m. 
8:3°C. (47°F.) 


94°C. (49°F.) 


Jointed and incubated, 
12th December, partly 
on top of incubator. 

Ist January 1901. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen : 
(a) by direct Nesslerization - - 


(b) by distillation - : - - 
Albuminsid nitrogen —- - - - 
Nitrous nitrogen - : 

Nitric nitrogen - - 5 4 “ 


Total nitrogen, by Kjeldahl, with \re- 
duction (after correction for nitrite). 


Blank  - - - - - - - 
Correction for nitrite  - - - - 
““X” nitrogen - - - - - 


Organic nitrogen, by Kjeldahl, with 


reduction. 


‘Organic nitrogen, by Kjeldahl, without 
reduction : 


Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; ot once. 
after four hours 


99 99 9 


Oxygen absorbed from permanganate by 
sample incubated for five days at 
26°7° C. (80°F.); at once - - = 

AF a », after four hours. 


Smell after incubation - 4 : z, 
Chlorine - : 2 - : : b 
Gases: parts per 1,000, by volume. 


Oxygen (by cuprous chloride) : 
(a) when sample was drawn - - 


(Bye; fee. “analysed |< 


Remarks - 


0-77 
0°12 
0:05 
2°44 


0°30 


05 


When drawn, this effluent 
had a sewage smell. 
After incubation it was 
a clear yellow liquid, 
with a small amount of 
brown sediment. No 
smell. 











192 193 
SECOND ARABLE First ARABLE FIELD 
FIELD EFFLUENT. EFFLUENT. 


Tuesday, 11th December 
1900, 1 p.m. 
72° C, (45°F.) 


10:0° C. (50°F) 


Thursday 13th Decem- 
ber 1900, 12 noon. 
9°4°C, (49° F.) 
10°0° C. (50° F.) 
— Jointed and incubated 
14th December, partly 
on top of incubator. 


12th December 1900. Ist January 1901. 





Turbid. 

0°19 1:06 
0:18 0:16 
0°05 0:03 
4°52 0:94 


Without With 


sugar. sugar, 
5°61 5°63 
(0°15 in 8°12 and in 8°15) 
+0°03 
0°67 


0°85 





0°69 
0°87 


0°24 0°61 (slightly turbid.) 


0°31 0:47 


2°02 


0:28 
1°86 


Sweet. 


10°30 


1°75 


About 1:0 
Very bright green and 
difficult to corapare. 





When drawn, this had a | This had a sewage smell 
very slightsewagesmell. when drawn. After 
On 12th December it incubation it showed 
was clear and lemon a considerable aggre- 
coloured, with, one may gated brown = sedi- 


say, no _ suspended ment. Earthy smell. 
matter. Clean, and (Quite sweet.) 
slightly fishy - earthy 

smell. 
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SOUTH NORWOOD SEWAGE FARM, 1900-1. 


(Special Experiment——continued). 





193a 


SETTLED SEWAGE 
(somewhat dilute.) 


1938a (1) 


ARTIFICIAL STORM 
WATER, 





Wednesday, 12th De- 
‘cember 1900, 11 a.m. 
11°1°C, (52° F.) 
10:0° C. (50° F.) 


a 


14th December 1900. 


6°24 
0:99 
Very slight trace. 
Not done. 
8°43 


(0°15 in 6°17) 
None, 
1:20 
2°19 


2°13 
9°66 


Moderate amount of}. 
brown sediment. 
Fairly strong sewage 

Alkaline. - 


smell. 








Storm water made by 
diluting’ the fore- 
going sewage down 
to the Mersey and 


Irwell standard of, 


albumiroid _ nitro- 
gen on 14th Decem- 
ber, 2z.¢, 100 ec. 
sewage + 740 c.c, 
distilled water con- 
taining 625 c.c. 
oxygen per litre. 
Tneunated ; but Lo 
subsequent notes 
made. 











193a (2 ) 


ARTIFICIAL STORM 
WATER. 


The same artific’al 
storm water + 0°3 
part nitric nitrogen 
per 100,000, added 
as potassium 
nitrate, KNO,, on 
14th December. 
This was incubated 
on top of incubator 
till 19th December, 
and inside 19th to 
20th. 


Analysed 20th De- 
cember 1900. 


0°128 


——_—- 


Earthy but sweet. 





198a (3) 


ARTIFICIAL STORM 
WATER. 


The same artificial 
storm water + 0°15 
part nitric nitro- 
gen per 100,000, 
added as am- 
monium nitrate, 
NH,NO,, on 14th 
December. Ineu- 
bated exactly like 
193a (2). 


Analysed 20th De- 
cember 1900. 


0°128 
| 


Earthy but sweet. 











1938a (4) 
ARTIFICIAL STORM 
WATER. 

The same _§artificia} 


storm water as 193a 
(2), but diluted on 
14th December with 
3 vols. distilled water 
(this water contained 
6°25 ¢.c. oxygen per 
litre. ) Ineubated 
like the others. 


Analysed 20th De- 
cember 1900. 


Taken 
as KNO, “|| Bound 
0-075 


Sweet. 
Taken Found” 
6°25 3°75 


SOUTH 


186 


(Special Experiment—continued. ) 





No. oF SAMPLE 


NATURE OF SAMPLE — - : - - 


194 


SECOND FIELD 
EFFLUENT. 





194a 


First FIELD 
EFFLUENT. 
(Small Sample.) 


NORWOOD SEWAGE FARM, 1900--1. 


194b 


SECOND ARABLE FIELD 
EFFLUENT. 





Drawn - - - - 


Temperature of sample - 
Temperature of air - : E b 


If jointed or incubated - = - - 


Analysed - . : : - - 


Thursday, 13th December 
1900, 1 p.m. 


10:0° C. (50° F.) 


10°6° C, (51° F.) 


14th December 1900. 


Friday, 14th December 
1900, 10.30 a.m. 


8°3° C. (47° F.) - 
10°6° C. (51° F.) 


Jointed and incubated, 
15th December, partly 
on top of incubator. 


2nd January 1902. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. 

Ammoniacal nitrogen (b) by distilla- 
tion. 


Albuminoid nitrogen - - - 
Nilrous nitrogen - - - : a 
Nitric nitrogen - - > 5 


Total nitrogen by Kjeldahl, with re- 
duction (after correcting for nitrite). 
Blank - - - - - - - 


» Correction for nitrite - - - - 
-«¢X” nitrogen - . - - . 


Organic nitrogen, by Kjeldahl, with 
reduction. 

Organic nitrogen, by Kjeldahl, without 
reduction : 

Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
after four hours - 


” ” ” 


Oxygen absorbed from permanganate 
in sample incubated for five days 
at 26°7° C. (80° F.); at once - - 

ff F q after four hours - 


. Smell after incubation - 2 : f 


. Chlorine - = a i Z 


Gases; parts per 1,000, by volume. 
Oxygen (by cuprous chloride) ; 
(a) When sample was drawn - - 


(b) When sample was analysed 


Remarks - : 4 . 4 











Turbid. 
0:26 


0:17 
0-02 
4:02 
4°63 
(0:14 in 6°91) 
+001 
0:16 
0°33 


None. 
0°37 
1:80 


0°38 
1°69 


Sweet ; earthy. 
9°66 


[ About 1-0 (two observers). 


(Green and dim.) 


When drawn this had a 
slight smell and was 
rather cloudy. On 14th 
December it was lemon- 
coloured and somewhat 
dim, with a small but 
appreciable amount of 
fine brown  flocculent 
matter. Slight but 
decided smell, like that 
of the flower of the 
castor oil plant (not a 
bad smell). 








1°30 


0:13 
Mere trace. 
0°80 


0°54 


Sweet. 


This was cloudy and 
had a sewage smell 
when drawn. The 
incubated sample was 

very yellow but clear, 
itll a little dark grey 
sediment. Practically 
no smell ; if anything, 
fishy. 








Friday, 14th December 
i900, 11.30 a.m. 


6°1° C. (43° F.) 


10°6° C. (51° F.) 


15th December 1900. 


Turbid. 
0°37 


0°14 
0°03 
3711 
3°86 
(0°14 in 5°77) 
+ 0°02 
0-21 
0°35 


None. 


0°58 


0°34 
1°58 (34 hours). 
Sweet. 


9°50 


ee 


About 0°75 (two observers). 


(Very green.) 


Clear, and of a pale lemon 
tint, with either no sedi- 
ment or practically none. 
Clean smell 
fishy-earthy). 





(slightly 
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SOUTH NORWOOD SEWAGE FARM, 1900-1. 


194c 


First FIELD 
EFFLUENT. 


Saturday, 15th December 1900, 


10.45 a.m. 
9°4° C. (49° F.) 


10°6° C. (51° F.) 


17th December 1900. 


0°51 


None, or merest trace. 


This had a sewage smell 
when drawn, and a dirty 
bluish-green _ colour. On 
17th December it still smelt 
* sewage and was very tur- 
id. 


Vem 








(Special Experiment—continued.) 


194d 


SECOND FIELD 
EFFLUENT. 
(Rain.) 


Saturday, 15th December 1900, 
11.45 a.m. 
8°9° C. (48° F.) 


10°6° C. (51° F.) 


17th December 1900. 





195a 


First FIELD 
EFFLUENT. 


Monday, 17th December 
1900, 12 noon. 


7°8° C. (46° F.) 
8°3° C. (47° F.) 


Jointed and incubated, 
18th December, partly 
on top of incubator. 


Opened 3rd January 1901. | 
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SECOND FIELD 
EFFLUENT. 


Monday, 17th Decem- 
ber 1900, 11 a.m. 


72° Cy (45° F.) 


8°8°C. (47° F.) 


18th December 19900. 





Turbid. 
0°93 


0-14 
0°02 
115 
2°41 
(0°14 in 3°66) 
+ 0-01 
0°17 
0°31 


None. 
0°27 
1°56 


0°36 
1°23 


Sour smell. 


7°36 


Less than 1:0 
(Three observers. ) 


When drawn this was slightly 
cloudy, and had very little 
smell. On 17th December it 
was lemon - coloured and 
slightly cloudy, with a mod- 
erate amount of brownish 
flocculent matter. Slight 

sewage smell. 











Putrid when drawn. When 
opened on 3rd January this 
smelt strongly of sulphu- 
retted hydrogen, and con- 


tained an appreciable 
amount of very black 
sediment. Not analysed. 





eg ee 
A A 4 


Turbid. 


1°64 
(Probably a trifle low. ) 

Q-15" * 

O18 

0°96 

3°00 
(0°14 in 4°43) 

+ 0:07 

0°12 

0:27 


0°02 
0°59 
1°95 


0°44 
1°92 


Doubtful (not putrid). 
8°86. 


1°5 


0°2 to 0°3 
(Pale green. ) 


Lemon - coloured and 
slightly turbid, with a 
small but appreciable 
amount of brown-red 
flocculent matter. 
Clean, slightly  fishy- 
earthy smell, 
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SOUTH NORWOOD SEWAGE FARM 1900-1. 


(Special: Experiment—continued. ) 















































No. of SAMPLE- - - - ‘"= 196 “197 _ 19%a 198 
“NATURE OF SAMPLE - - -~ =>) Frrst-ARABLE |~~ SECOND- FIELD —+~—-FirnsT-ARABLE. -}| SECOND -FIELD-. 
FIELD EFFLUENT. FIELD EFFLUENT. | 
EFFLUENT. AFFLUENT. 
Drawn- -  - -| -  -  - | Wednesday, | Wednesday, 19th | Thursday, 20th’ | Thibtsda fs) Sah 
19th Dec. 1900,| December 1900, | December 1900, December 1900, 
| 12.45 noon. epee ~—-|- 12.40 noon,—— 11.40 a.m. na 
Temperature of sample oy a “a 8:37 C (4ja Hs) 7'2° C. (45° F.) 8:9° C, (48° F.) 89° C. (48° F.) 
Temperature of air ty ee’ eae Fy 67 ete ye riké 10°0° Cy+(50° F. ) 10°6° C. (51° F.) 
If jointed or incubated Jointed and in- sa Jointed and incu- peu 
‘ cubated 20th bated 21st Dec. 
Dec., partly (on top one day). 
on top of in- 
i cubator. ( 
Analysed); = o> - 9) = Opened 8rd Jan., | 20th December 1900. | Opened 21st Dec. | 21st December 1900. 
1901. 1900. 
Parts per 100,000 by weight. 
Ammoniacal nitrogen (a) by direct wee Turbid. — : oo Very turbid. 
Nesslerization. 
Ammoniacal nitrogen (b) by distilla- — 1°96 — 0-96 
tion. 
Albuminoid nitrozen —— 0°34 — 0°19 
Nitrous nitrogen - - - - - ——— 0°36 — a 0-14 
Nitric nitrogen - - - - - — 0°59 —— 1:60 
Total nitrogen by Kjeldahl, with —— 3°68 —— (a) 3°11 (b) 3°10 
reduction. 
Blank = -> -) eee ets (0°15 in 5:24) = (0°14 in 4°58) 
Correction for nitrite - — + 0°17 — + 0:07 
«X” nitrogen - == 0°43 oe 0-22 
Organic nitrogen by Kjeldahl, with pees 0:77 meee 0'41 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct = aes fee poe 
Nesslerization. 
(b) Taking ammonia by distillation ete 1:43 a 0-11 
Oxygen absorbed from permanganate — 1:02 as 0°44 
at 26°7° C. (80° F.); at once. 
3 - 7 after four hours OM, 5°38 sn Es 1:99 
Oxygen.absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - ie *S-Ola\ pod a 0:54) 11 
SMS 8) after four hours —— 4:97 f days —— 2°52 J days. 
“Smell after ieubation - - - - sa Blackened ; strong ——— Sweet. | | 
smell of sulphide. F 
e 
Chlorine - - - - - : ees 6°84 se 8°34 
Gases: parts per 1,000, by volume. 
» Oxygen (by cuprous chloride) : 
(a) When sample was drawn a=. None. ess 0°25 
(b) When sample was analysed Foe -a None. mee About 0:3 
‘Remarks — - : : 2 - When drawn ,There had been | When drawn this | Slight smell when 
this sample | 0°3 in. of rain on | was cloudy, with | drawn. _ Lemon- 
wascloudyand| the night of the | a sewage’ swell. “|’¢oloured, but only 
had a strong | 18th-19th. When Afterincubationit | slightly dim, and 
sewage smell, | drawn this Pee had a large black | with hardly any 
After incuba-.; was cloudy, with a doppett and strong | flocculent matter. 
tion it con- | sewage smell, ‘On | sulphuretted ~hy- | Smellquite sweet, 
tained much | 20th December it |. drogenodour. Not | but*slightly ‘fishy- 
black = sedi- | was brown, very | analysed. ) eareny: Seer 
ment and | dim, and with a ae caetetat 
smeltstrongly | very appreciable 
ofsulphuretted| amount of brown : 
hydrogen. Not | flocculent _ sedi- 
analysed. ment. Smell, 
earthy, with a 
7 traceofsewage in it. 
* Note.—Nearly all this excess 
: (2.e., 3°01-1:02) was due to 
sulphuretted hydrogen. 
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SOUTH NORWOOD SEWAGE FARM, 1800-1. 
(Special Experiment—continued.) 





198 
LARGE DUPLICATE. 


—_—_— 


+i] Sointeds:2lst Dec: 1900, 


)18th:February 1901.. 


199 


FIRST FIELD EFFLUENT. 


1 Wednesday, 2nd January 1901, 2.30, 


p-m. 


6°1° C, (43° F.) 
3°3° C. (38° F.) 


3rd January 1901. 
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SECOND FIELD 
EFFLUENT. 





Wednesday, 2nd Jan. 
1901, 2.30 p.m. 


50° C. (41° FB) 
3-9 C. (39° F.) 


3rd January 1901. 





0-96 
on 
0-06 
0°64 (?) 
2°79 


(0:20 in’ 4-24) 
+ 0:08 
? 


? 


None. 
0:49 
1-92 
0°44 
1-90 ~ 
Strong earthy. 


. | Clear, but distinctly brown | § 
| in, colour, with a little 
sediment, 


fine brown 
Slight fishy smell. 





- 4:78 (on-5.¢.¢.), 


3°13 (on 10 ¢.c¢.) 
0°49 
0°14 
0°23 
With sugar. 


(a) (b) 
4-90 4:42 


Without sugar. 


4°53 
(0°11 in 6°58) (0°14 in 7°15) 


+ 0°07 
0°54 0°91 
1:03 1°40 


0°43 
0:92 


None ( - 0°79) 
0°86 
1°46 
7°39 


4°20 + 
7°22 + 

Black ; strong sulphide. 
8°76 


None. 
None. 


much grey flocculent matter. 
or soapy smell. 


+: pap eae titrations with a bottle | 
full of liquid gave the figures— . 
0:99 


hal 


3°84 





(0°14 in 6°45) 





Strong 


trong sewage smell when drawn, 
“when drawn on 8rd 


On 3rd: January very turbid, with 
Fishy 


The liquid smelt of sulphuretted 
_ hydrogen, but was not blackened, 


4:28 approx. (on 10 c.c.) 


2°78 
0-42 
0°12 
0°41 
4°22, 


(0-14 in 6-24) 
+ 0°06 
0-49 
0-91 


5°13 


2°76 
5°19 


Strongly putrid, 


9°20 


None. 
None. 


sewage smell] 
January; turbid, but 
less so than No. 199, 
and with much grey 
flocculent matter. 
Fishy or soapy smell, 
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SMALL DUPLICATE. 


Jointed and incubated 
. ord Jan. 


Opened 8th Jan. 1901. 


Liquid very strongly 
putrid, and sedimenc 
‘black. Not analysed, 
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SOUTH NORWOOD SEWAGE FARM, 1900.. 


Street Washings. 





174, 


STREET WATER 
(small sample). 


No. OF SAMPLE - 


NATURE OF SAMPLE - - 


179. 


SURFACE WATER 
from streets 
(small sample). 








Wednesday, 14th No- 
vember 1900, 2.15 p.m. 
10°6° C. (51° F.) 
10°6° C. (51° F.) 
Incubated 15th Novem- 


ber (partly on top of 
incubator). 


Drawn - - - - 


Temperature of sample 
Temperature of air 
If jointed or incubated 


Analysed - - - 4th December 1900. 


Wednesday, 21st 
Novena 1900, 
lpn 

: 3 C. (47° F.) 
seas (05 (EY 1a) 

Jointed ‘and in- 


cubated (partly on 

top of incubator) 

23rd November. 
1st December 1900. 





Parts per 100,000, by weight. 





Ammoniacal nitrogen, by distillation 0°19 
Albuminoid nitrogen - - - - 0:06 
Nitrous nitrogen - - - - - 
0°24 
Nitric nitrogen -- - - - - 
Total nitrogen by Kjeldahl, wtth re- — 
duction (after correc ae a ne 
Blank - - - — 
Correction for nitrite - - — 
“X” nitrogen - . - - . = 
Organic nitrogen by Kjeldahl, with — 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction : 
Taking ammonia by distillation - — 
Oxygen absorbed from permanganate 0°39 


at 26°7°C. (80° F.); at once. 


” ” ” after four hours 


Oxygen absorbed from permanganate 
'y senile incubated for five Geye 1 





at 26°7° C. (80° F.) ; at once ee 
* eae after four hours — 
Smell after incubation - - No smell. 
Chlorine - - . - - - a 
Gases; parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
When sample was drawn — - - 1:25 
Remarks .- |..; : - This liquid had a slight 
brown tinge and there 
was much dark-brown’ 
sediment, evidently 
sand. Mr. Kershaw 
: wrote afterwards :— 


“ Numbers 174 and 179 
“will be fair samples 
“ of street washings, as 
“no other water but 
“ (periodically) that 
“from the South Nor- 
“wood baths enters 
“the culvert.” This 
water ultimately 
if joined the sewage from 
the settling tanks. 
This sample was very 
pure for a street water, 
chemically speaking. 





1:25 
0:14 


0°30 


Putrid. 


Under 1:0 


When received, 

this sample had 
no smell, but after 
incubation it 
showed a_ small 
black deposit 
and had a strong 
smell of sulphu- 
retted hydrogen 








> 














182, 187a, — 
STREET WASHINGS.| STREET WATER. 


After running two . 


After 0-04” rainfall 
hours. ) 


Wednesday, 28th | Saturday, Ist De 
November — 1900, ee 1900, 11.1. 
12°45 noon. 


9-4° C. (49° F.) 
8-9° C. (48° F.) 


“Te C. (46° F.) 
8-3° C. (47° F.) 
Jointed and in 
cubated {partly a 0 
top of incubate 
2nd December. 


29th Nov. 1900. 17th Dec. 1900, 





0°47 
0°42 


0°52 
0:08 
Trace. 
0°10 
0°42 
1°96 
(0°14 in 301) ~ 
None. 
0°65 
1:07 


(a)? 
0-66 


(b) 
0°80 


2°76 


9°79 


Ss las Sao 
Regie. days. 

Strongly putrid. 

eh i 

4°14 





Very turbid grey- A good deal of dai 
brown liquid when ; coloured — floce 
stirred up. The | lent. sediment — 
filtered liquid was | bottle. ‘Sweet, 
brown, but fairly This is remar! 
clear. Much grit. | bly pure for ast br 
8 osmell. ;Alka- | water, chemice 

ine. | 


(a)! The clear liquid ; 
(b)' The residual 
turbid liquid dis- 
tilled. 

This result again 
shows absorption. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 





; Brook Water alone and admixed with Effluent. 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
Brook Water alone and admixed with Effluent. 








No. OF SAMPLE - : : : 


NATURE OF SAMPLE 


31. 


GENERAL EFFLUENT. 





32. 


CHAFFINCH BECK WATER, 
20 yards above junction 
with effluent. 





Drawn - - - - - - - 


Temperature of sample - - - - 
Temperature of air - 


If jointed or incubated - - - 


Analysel— - - - - - : 2 


Tuesday, 30th January 1900, 
4 p.m. 


3:3° ©. (38° F.) 


31st January 1900. 





Tuesday, 30th January 1900, 
: 4.45 p.m. 


39° C. (39° F.) 


Ist February 1900. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. 


Ammoniacal nitrogen (b) by distillation - 
Albuminoid nitrogen - 

Nitrous nitrogen - - - - 

Nitric nitrogen 


Total nitrogen by Kjeldahl, with reduction 
(after correction for nitrite). 


Blank - - = : : 
Correction for nitrite - . : : 
“xX” nitrogen - : - = a A 
Organic nitrogen, by Kjeldahl, with reduction 


Oxygen absorbed from permanganate at 
PASTPUOE (fehOe Ins)) 6 - at once. 


after four hours 


3) 3) ” 


Uxygen absorbed from permanganate b 
sample incubated for five days at 26°7° C. 
(SORE: ) i - - at once - . 

” ” ” after four hours 

Smell after incubation - : : 3 : 


Chlorine , . : : : f 


Gases: parts per 1,000, by volume. 
Carbon dioxide (free) .-  - ager et Ue 


Oxygen (boiled out) - - - 4 : 


Oxygen, by cuprous chloride : 
(a) When sample was drawn - - 


(b) 29 * analysed - 2 
Nitrogen - 2 aun. Petal, eee 
Remarks - - : : 3 ps 3 

7 








0-02 
2-47 
(0°44 in 4°39) 


+0°01 


0:29 


~ 1°30 seped WT 


0°50 
1°57 


Doubtful 
7°54 


27°21 
5°42 


17°91 


This contained an Lab re Turbid, from a considerable 


amountof brownish floceulent 
matter in rather small par- 
ticles. Earthy smell. Slowly 
alkaline. A great deal of 
lime and a good deal of 
sulphate in solution. 











Turbid 


none 


0°75 


(0°44 in 1°64) 


none 


0:09 


0°68 


0°12 
0°64 


No smell 


3°20 . 


7°72 
8°35 


17°22 


amountof brownish flocculent 
matter. No appreciable 
odour. Just alkaline. A good 
deal of lime and a moderate 
amount of sulphate in 
solution. : 
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SOUTH NORWOOD SEWAGE FARM, 1900. 
Brook Water alone and admixed with Effluent. 


33. 


—_—_—— 


CHAFFINCH BECK WATER, 
containing effluent ; 
20 yards below effluent outfall. 


Tuesday, 30th January 1900. 
5 p.m. 


3-9° C. (39° F.) 


Ist February 1900. 


Turbid 


(0°59 in 3°34) 





+0°01 


0°20 


1:08 


0:22 
110 


No smell 


5°84* 

*This figure indicates a mixture of 
about equal volumes of effluent 
and of stream water. 


17:14 


6°54 
This liquid had to be transferred 
to measuring flask; boiled out 
after No. 32. * 


17°30 


£7 Very appreciable amount of floc- 


culent matter, including one or 
two rather large pieces (one 
black) which were rejected. No 
appreciable odour in the cold. 
Just alkaline. Much lime and 
much sulphate in solution. 


6225. 








34, 


CHAFFINCH BECK WATER, 
containing effluent ; 
446 yards below Sample No 33. 


Tuesday, 30th January 1900, 
5.30 p.m. 


39° C. (39° F.) 


2nd February 1900. 


Turbid 


0°01 


1°67 


(0°59 in 3°26) 
+0°01 


0:25 


1°23 


0°17 
0°94 


Karthy 
5°50 


14°33 
7:20 


Appreciable amount of brownish 
occulent matter. No appreci- 
able odour. Slowly alkaline. A 
great deal of lime and a moderate 
amount of sulphate in solution, 











180b. 


CHAFFINCH BECK WATER, 
containing effluent ; 
55 yards below effiuent outfall. 


Friday, 23rd November 1900, 
1 p.m. 


7:2° C. (45° F.) 
72°C. (45°F) 


24th November 1900. 





1-41 
0:09 
trace 
0°25 
2°07 


(0-12 in 3-07) 
none 
0°32 
0-41 
0-30 


Not done 


1:23 
Sweet 


7°20 


3°5 when drawn 
About 2°5 
2°75 + Three observers 
Just below 3:0 


New standard tubes. 


; Liquid 
very difficult to compare. 


Small but appreciable amount 
of brownish flocculent matter. 
The liquid had a light brown 
tint. Clean smell. Mr. Kershaw 
wrote on 23rd November :— 
‘¢ There was sewage weed in the 
stream for many yards down. 
The volume of effluent to that of 
stream water was 3: 1.” 
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Dragram N° 28. 


South Norwoop Sewace Farm. 
SEWAGES. CURVES. 











CHANCE SAMPLES HOURLY 
JAN. 1900 NOV. & DEC.1900. JANUARY 


SAMPLES 
AD Ls a 
0 “21 24 28° 170 176 18 193°"453 454 455 456 457 458 459 

S&S S&S S&S CGC S&S SKS SKS S&S S&S SRS SKS S&S SUS SUS 














































































\ PARLAT 
oa 
cdi mee : 


f | 5 (ea ae 
Saree VASA 
Ht eee eeoeee ha 

OZ Ze 
mee RETNS 
mee | | yt nee 
21 24 28 170 176 1@1* 1934453 454 455 456 457 458 459 
S&S SRS S&S C S&S S&S SKS S&S SKS S&S S&S S&S S&S S&S 








2 10.02. 


_— 


Natur e 1 of Senage 
C = Cruse. 
S&S = Screened & Settled 





REFERENCE 
Parts per 100.000, by Werght.. 





Albuminetad Nitrogen... SheWn AUB em 


Orgaruc Nitrogen by kKyeldaht, 
NAVEL JLeduI Oly, | ee 


Ammoniacal Nitrogen. .-..- ~~ 2. -.~--- Feit at 
Total Nitrogen by Kjeldahl. 

WLI Te LIL OTT Os en 
“Qney.ger absorbed) from Permanganate- 
at 26°7°C(80F:) trv four hours.—----. "mre, 
Chlorine (Combined). ca ereanees 
Solids tv Suspenstore (Gravimetrically) 

(Seale divided: try 10) ____. 

Cellulose (stilh contaming fit)... mmm 


Parts per 100.000. by Volune. 


Solids w Suspension (by Centrifuge) 
(Scale divided by 10) 


Note 
Fiqures tn the Vertical lin 2 represent 
Purts per 100.000.” 





figures uvthe Horizontal line represent. 
herambers of the Saniwples analysed. 


A dotted line is used when there is aw 
break in the curve . 











Weller&Gratiam Lt? Litho.London. | 








SoutH Norwoop SewaGe FARM. 
IST FIELD 2" FIELD, 38° & 47" FIELD & COMBINED EFFLUENTS. 
CURVES. 


IS FIELD EFFLUENTS, °FIELD EFFYS 3°9 FIELD, 47"FIELD & COMBINED EFFLUENTS. 


JAN. 1900. _Nov,'900 JAN, 1900 Noy.i9d0 JANUARY, 1900. NOVEMBER,, I!900. 
N& “22 25. 2717726 29 oi 23°30 31 35°175 178 178,180 Isof1g¢ 
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REFERENCE 


TEESE ETE TT] setersotrnten dren st a or 
PAL TTD. sete Rebatin Pater 
ESSE SE TSE EE | neasecon seen jedgy Sma + — 











Ports per 1000, by Volume(CC.perLitre) 
Dissolved Oxygere when sample was drawn Shewn thus ——— 


Dissolved Oseygen when sample was analysed 








Parts per 100.000, by Weight. 
Ammoriacal Nitrogew.... Shewn thus ——— 


Total Nitrogen by Kyeldahl. 
wtt!c Reduction SS SSS ee See ee Se NE OR ALL 


Nitric + Nitrous Nitrogen (together)..-—__. 


“Oxygen absorbed trom Permanganate 
at) 26°7'C(80F) in four hours. —__.. 


Chlorine (Combined)... --.- 





Parte per 100.000, by Weight, 


Albuminota Nitrogen... _--- Shewn thus ~..—— 


urgame Hitrogen hy Kyeldaht, 
Do Padi Ae 


LOW oss cee SSeS eae 


vrgarac Nitragen by Hyeldahl, 
without Reduction,.__..----.-- 
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Diagram N° 30. 
(Engineering Report Ihagram) 
SoutH Norwoop SewaGeE FARM. 






(Experiment) 
F a be Sr Nouns g 
ENN ‘ nar : 


{pte. ihe lower shaded arew 
shews the quantity of sewage 
applied) dvity Ly a 

The Redline shews the actudl 
amount of sewage treated om the, 
R4ield, & the Blae tine the, actual, 
amount: treated: onthe 222 field 


H 
2 
EEL: 


(Both ir gallons per acre) 
a A 
SLEDS ~~ : a , ag” 
T : 
; g 
tort S 
; 
me ee — a 40. 
~~ 
| BS 3 
*S Sy 









7 hear DA # 4 
Me YY UY Y 
YWYYYyyywyv0 
Was: 
J va 


Ls 7 F 


SHES BES) 


a7 


8 
5 


E.Weller & Grahams. Lt¢ Litho. Londen. 


gallons peracre,|20" 


fv é F A 
Time samples were drawn 








~~ rote ae 7 — uy = 

te ok 6 hae i : ; 
oe eee Te eS > ae - r 
: a - (4 f if 


pc tr eee ari. alta trnaniatrnacensitapy agama iin 





. 


Pie 
tae 
- 3 mae are 








Diagram N? 37. 


; SoutTH NoRwoop SEWAGE FARM. 
SPECIAL EXPERIMENT. IST FIELD EFFLUENTS. CURVES. 
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Diagram N33 


SOUTH NORWOOD SEWAGE FARM : 
BROOK WATER. CURVES. 


REFERENCE 
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NOTTINGHAM SEWAGE FARM. 


CHEMICAL REPORT. 


pase, 


. Situation of farm—Stoke Bardolph, about five miles from Nottingham. 
. Total acreage of farm—907 acres (1900). 
. Total irrigable area— 651 acres (1900). 


Mee EB 1S 


. Average area irrigated at one time—300 acres. 


Or 


. Population draining to farm—258,584* 
. Population per acre irrigated—397. 


. Gallons of sewage per head per day—27. 


oOo ~1t & 


. Dry weather flow of sewage per 24 hours—-7,000,000 gallons. 


© 


. Gallons of sewaye treated per acre per 24 hours—23,300. 


10. Gallons of sewage treated per acre per 24 hours, on the assumption that each 
acre of the irrigable area is under sewage all the time—10,750. 


11. Character of the sewage—4-7ths domestic, 3-7ths trade refuse. 
12. Method of treatment—Screening (partial) and land filtration. 


13. General character of the soil and subsoil—Light sandy loam and gravel overlying 
gravel and sand. 


14. Separate or combined sewerage system—Combined. 
15. The final effluent is discharged into—River Trent. 


16. Number of years farm has been in operation (before 1900)—194 years. 





“ It will, however, be seen from the Engineering Report (Part IV.) that a large proportion of the fecal 
matter is kept out of the sewers, 


6225. BB2 
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NOTTINGHAM, SEWAGE FARM. 


As has been already stated in the Engineering Report* and reprinted in tabular 
form at the beginning of this one, the area of land actually irrigated in the course of 
the year on the Nottingham farm amounts to 651 acres, of which 615 acres are arable 
and 36 acres are pasture. These 615 acres include the 120 acres which are kept per- 


manently uncropped. 


The whole of the farm is under-drained, the main drains being laid at a depth -of 
6ft. to 10ft., and the feeder drains at a depth of 4ft. 6in. to 7ft. 6in. ; 120 acres of the - 
farm are drained twice as closely as the rest of it. All the effluents are therefore percola-_ 
tion effluents, which have passed once through a very considerable depth of soil and. 
subsoil of excellent—one might almost say of ideal—quality for the purpose. There 
is practically no subsoil water on the farm (¢/ Engineering Report*). 
—eeeeeeseesesesesesFssSSS EE ee 


* Part IV., Engineering and Practical Report. hy: hache Ce 
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Soil and Subsoil. 


. The soil—a light, porous, sandy loam—varies in depth from’ 7in. to 15in., while 
thé subsoil is composed of river valley gravel. “The mechanical composition of these 
is Shown by the following analysis of average samples, drawn by Mr. Kershaw :— 





Surface Soil per cent. Subsoil per cent, 
NAME OF FRACTION, 
Not , : Not . . > 
ignited: Ignited. | Difference. Ipnited: Ignited, | Difference. 
“Gravel” (above 8:0 m.m. diameter) - —- 25°47 25°47 
Fine “Gravel” (above 2°0 m.m. diameter) - | 17°20 16°67 0°53 14°99 14°65 0:34 
Coarse “Sand” (above 1:0 m.m. diameter) - 1-88 159 0-29 298 2°93 0:05 
Coarse “Sand” (above 0:5 m.m. diameter) - 1-44 1:3] 0:13 3°00 2°94 0:06 





Medium ‘Sand ” (above 0:25 m.m. diameter) 3°54 3°44 0:10 “29, 8:16 0:06 
“Sand” (0:25 to0-05m.m.)- )- - =|, 45:14 | 4424 | 0°90 40°14 | 39-88 0-26 


Silt’ (005 toOOlmm.): oo. 72 vis.] 1700. | 15-42 1-58 1°89. |.» 1°80 0:09 , 








“ Dust ” (from 0°01 m.m. downwards, which 























settles from water in 24 hours) - - | 11:16 8°89 2°27 1:85 1°63 .|10 W 022 
“Clay” (2.¢., the still finer residue precipi- 
tated from the water by dilute nitric 
BUIGRIGY. = i- 8 -  - e 1-74 1:44 | 0:30 0°67 0:60 0:07 
Loss on ignition (separate determination) - 6°16 1°28 
99°10 99°16 6:10 ‘21 | 99°34 1°15 
Real specific gravity of soil dried at 110° C. 2°566 2°695 
Apparent specific gravity 55 ee 1449 Gor: 
Number of particles in 1 gramme of the 
ignited soil or subsoil (approx.) - - | 819,191,490. 290,000,370. 
Number of particles in 1 c.c. of the ae 
soil or subsoil (approx.) - - - |} 1,181,291,470. 514,162,730. 
Weight of water retained by 1C0 grammes 
of the soil, when fully drained - , >| 84:4 — 26°6 
Parts per 100,000. 
Lime dissolved by water in 24 hours - —- 0-009 0-017 
Lime dissolved by water, saturated with 
0-070 


carbonic acid, in 48 hours’ - - - 0:060 





For a discussion of the figures given in this table, see the Section upon Soils, 
page 275. 
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Volume treated per Acre, ete. 


The dry weather flow of sewage treated on the farm is 7,000,000 gallons, of which 
about three-sevenths, or 40 per cent., is trade refuse from bleach, dye, wool-scouring, 
fellmongers’ and bone works, together with breweries and laundries. The dye and 
bleach refuse preponderate. The population draining to the sewage farm is given by 
Mr. Kershaw as 258,584 ; so that, roughly speaking, the sewage (including trade refuse) 
amounts in dry weather to 27 gallons per head. This, however, takes no account of 
the portion of the storm water which is treated on the farm. The number of persons 
per acre irrigated is 397 (this is, however, subject to the note on p. 195). As the water 
supply is only 18 gallons per head, the remaining 9 gallons must be mainly trade 
refuse, as very little subsoil water gets into the sewers. 


As stated already, there is practically no subsoil water on the farm. 


The average area under irrigation at Nottingham on one day is 300 acres, an 
acre treating 23,300 gallons in 24 hours; but in order that a comparison may be 
made between different farms, it will be convenient to imagine each acre of irrigable 
area as being under sewage all the time. On this assumption, each acre of ground at 
Nottingham treats 10,750 gallons per 24 hours all the year round. 


Nature of Sewage (Diagram No. 34.) 


This is rather strong and decidedly alkaline, but owing to its long journey it 
arrives at the farm in a well broken-up condition. 


Four chance samples (Nos. 10, 13, 109 and 114), and three sets of hourly samples, 
each set extending over a period of 24 hours (Nos. 466, 467, 468), were analysed. 
These hourly samples were drawn in equal quantities each hour (not according to rate 
of flow), and are therefore probably below the true average in strength, excepting 
that No. 466 contained more than its fair share of suspended solids, on account of 
ee rain which fell previous to its being taken, and which apparently washed out 
the sewers. 


The details of the analyses are given in the appended Tables of Analysis and 
Curves. A summary of these results may, however, be given here. 


Average. 
Total Nitrogen—(a) 4 chance samples (4°68 to 7°86)- - - - 6°39 
(6) 3 sets of hourly samples (7°53 to 7°82) - - - - 7°69 
Ammoniacal Nitrogen—(a) 4 chance samples (3°21 to 5°32) - - 3°92 
(b) 3 sets of hourly samples (3°08 to 4°53) - - - - 3°98 
Total Organic Nitrogen—(a) 4 chance samples (1°47 to 4:24) - - 2°42* 
(L) 3 sets of hourly samples (2°56 to 4:21) - - - - 3°15 
albuminoid Nitrogen—(a) 4 chance samples (1°18 to 2°63) : - Ligh 
()) 3 sets of hourly samples (1°17 to 1:99) | - - - : 1°45 
“Oxygen Absorbed” in 4 hours at 26°7° C. (80° F.)—(a) 4 chance 
samples (10°97 to 25:06) - - : - : - . - 17°64 
(>) 3 sets of hourly samples (21:03 to 26:29) - - - - 23°21 
Chlorine (a) 4 chance samples (9°66 to 23°42) - - - - - 16°35 
(6) 3 sets of hourly samples (11:26 to 15°36) — - - - - 13°68 
Chlorine in water supply — - : : - - . . : 1:06 
Ratio of Ammoniacal Nitrogen to Chlorine—3 sets : pe As, 
1:33:29; = - 1:3°44 
of hourly samples 1:3:39 
Ratio of Ammoniacal Nitrogen to Chlorine, after (1:3°31 
deducting th¢ chlorine of the water supply— {1 205| - - 13847 
3 sets of hourly samples 1:3°16 





* This figure for organic nitrogen is probably too low, and not to be relied upon. 
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Solids in suspension—3 sets of hourly samples (34'4 to 79:2*) - - 51:9 


Cellulose still containing fat—3 sets of hourly samples (14:96 to 24:96*)- 18-41 
(One extraction with dilute alkali and one with dilute acid.) 


Cellulose—3 sets hourly of samples (5°32 to 15:08*) - = aR - 8°88 
(Extraction with alkali, acid and ether) 


Ratios of Celluloses containing fat to suspended solids , 4 ig 2) 
Li2ay el Liar 
3 sets of hourly samples 
nly Be 
Ratios of Cellulos ola Baty 
es to suspended solids 1:67 1:62 
3 sets of hourly samples 165 { Pylac. 


Probably, however, those two average ratios would be more correct if taken at 
2°5 and 6°6 respectively. 


Although the analyses are fewer in number than might have been wished, they 
leave no doubt as to the comparative strength of the sewage, though the amount of 
ammonia present is not great; it may be taken approximately as containing some 7 
to 8 parts of total nitrogen per 100,000, about 3 parts of organic nitrogen, and some- 
thing like 40 to 50 parts of suspended solids ; while the figure obtained for “oxygen 
absorbed” in four hours is over 20. The ratio of “oxygen absorbed” to organic 
nitrogen is high (about 7:1), this being no doubt due to some of the constituents 
of the trade refuse. The suspended solids were rather coarse, and contained a good 
deal of cellulose and grit. 


It will be noticed from the figures of the analyses that the hourly samples still con- 
tained appreciable quantities of nitrate when analysed, this coming, no doubt, from the 
subsoil water which finds access to the sewers. 


Before leaving the subject a few further points may be referred to, viz :— 


(1) The total nitrogen in the hourly samples is about double the ammoniacal 
nitrogen. 


(2) The curves for total nitrogen, organic nitrogen} and albuminoid nitrogen are: 
approximately of the same kind; while in the hourly samples the albu- 
minoid and organic nitrogen curves follow one another perfectly, the total 
organic nitrogen being rather more than double the albuminoid. 


(3) The curves for albuminoid and organic nitrogen on the one hand, and for 
“oxygen absorbed” on the other, are roughly of the same type, but do not. 
follow one another atall closely. Thisisno doubt partly due t» the presence 
of oxidisable trade refuse, and partly to the nature of the suspended solids. 


(4) The average ratio between albuminoid nitrogen and “ oxygen absorbed” in 
the four chance samples of sewage is 1 : 10-4, and in the three sets of hourly 
samples 1:16°6 ; in the chance samples this ratio is very uneven, and in the 
hourly samples also uneven. 


(5) In the hourly samples the cellulose curve follows pretty closely the curve for 
solids in suspension, and the agreement is very marked in the two last 
analyses, which probably represent the normal condition of the sewage. 


(6) The chlorine curve in the hourly samples bears a marked similarity to that 
for ammoniacal nitrogen, though the ratio between those two constituents 
is high. 


It would, however, be idle to attempt to draw many deductions from so few 
analyses. Still, those which have just been given are sufficient to indicate the general 
character of the sewage. 


* Those figures are, in all probability, higher than the normal, because of the rain which fell before 
nple No. 466 was drawn ; this, doubtless, washed out the sewers to some extent. 
+ In'the chance samples the determinations of organic nitrogen were more or less unsatisfactory. 


S 
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Effiuents. (Diagram No. 35.) 


As already stated, these are all percolation effluents. 


Seventeen effluents altogether were examined, 6 of these in duplicate after jointing 
or incubation, making a total of 23 analyses, full or partial. Some of these effluents 
were drawn in December, some in July and August, and some in September. . . 


The first thing that strikes one here is the temperature curve (cf Part IV., 
Engineering and Practical Report). Leaving out of account No. 341, the temperature 
of which was 18°9 deg. C. (66 deg. F.)*, that of the 16 Nottingham efiluents, when 
drawn, varied only between the narrow limits of 8-9 deg. C. (48 deg. F.); and 13°3 deg. C. 
(56 deg. F.), winter and summer. The temperatures of the four chance samples of 
sewage were 15 deg. C. (59 deg. F,), 15 deg. C. (59 deg. F.), 20 deg. C. (68 deg. F.), and 
16.6 deg. C. (62 deg. F.), the two first being drawn in December and the two last in 
July. This point alone, i.e, the comparatively even temperature of the efiluents, 
shows what a great advantage as regards uniformity of working a percolation farm 
has over one which treats the sewage by surface irrigation. oft On . 


Leaving out of account the first effluent examined (No. 11), when the ground 
had been purposely over-sewaged, all the effluents were of. wonderful quality, the best of 
them approaching in fact to drinking waters. They were,uniformly clear, colourless, 
and without smell, both when drawn and when analysed, and, until September, 1901, 
with no sediment, excepting a minute trace of very fine soil which could be detected 
at the bottom of the sample bottles after the liquid had stood. in them for some time. 
The last samples examined (Nos. 332, 333, 340 and 341), while also clear, colourless, 
and without smell, contained quite appreciable amounts of red-brown flocculent 
sediment—no doubt vegetable growth from the drain pipes, coated with hydroxide 
of iron. | tie Hogdipe 


The effluents were all alkalinein reaction, and contained (relatively) a great dea 
of limet and much sulphate in solution. 


The first two series of effluents (drawn in December, 1899, and in July an’ 
August, 1900) were very well aerated for percolation effluents (probably aerated in the 
drains), conta‘ning as they did, when analysed, an average of about 5 c.c. dissolved 
oxygen. per litre for 13 samples; and of the two duplicates. which were jointed, the 
oxygen in Wo. 111 was reduced from 3:0 to 1°6 ¢.¢. per litre in ten days at atmospheric 
summer temperature, while that in No 121 underwent no reduction in nine days under 
like conditions, remaining at about 6 c.c. per litre. This is, of course, very remarkable 
for an effluent,,and places it, in this respect, among drinking waters. The last four 
samples, drawn in September, 1901, were (like No. 111) not so highly aerated as the 
others when they reached the laboratory, containing an average of about 2°5 c.c.f 
dissolved oxygen ; but in every case the duplicates retained something like 1 cc. of 
this after being jointed and incubated at 26-7 deg. C. (80 deg. F.) fora fortnight.§ 


As was to be expected in a percolation effluent, the free carbon dioaide was 
high, an average of five analyses giving 59 c.c. per litre. In two samples (Nos. 18 and 
19) the total carbon dioxide—free and combined together—was determined, the figures 
obtained being 164‘9 and 197°4 cc. per litre. As there was little or no saline ammonia 
present, these figures corroborate the presence of much lime (or lime and magnesia) 
in the effluent. 


Thirteen samples yielded 0-01 to 0°10 albuminoid nitrogen, the average being 
0-03 part per 100,000, while the figures for “oxygen absorbed” (from strong perman- 
ganate at 80° F.) in four hours were 0°05 to 0°37 ; average, 0°19. 


The effluents (excepting No. 11), of course all remained sweet on incubation, as 
udged by smell. Oddly enough, they were nearly all condemned by Mr. Seudder’s 








* This high figure ws probably owing to the dra ns being somewhat shallow in the field from which 
the sample was drawn. 
he soil and subsoil were not specially calcareous (see analysis of these). 
Those last oxygen readings were a little too high. 
For an anomalous result here, see Tables of Analysis, sample No. 340. 
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incubator test, as judged by difference of oxygen absorbed from permanganate before 
and after incubation. But this was no doubt owing to the circumstance that the 
actual quantities of permanganate required were so small as 'to be within the limits of 
error of experiment, unless special precautions had been taken. 


The total nitrogen in these effluents (13 analyses) varied between 1:41 and 3-45 
parts per 100,000, the average being 2°27 parts. It requires but a glance at the curves 
to see that this was present almost entirely as nitrate, the average nitric nitrogen, in- 
cluding traces of nitrous, being 2:06 for the same 13 samples. There was practically 
no nitrite—a further indication of nearly perfect oxidation. 


The ammoniacal nitrogen was in most cases little more than a trace, generally 
expressible in the second decimal place, with a minimum of 0:01 and a maximum of 
0:29 in 13 analyses, the average being only 0°13. 


The albuminoid nitrogen in the same number of samples varied between 0:01 
and 0°10, and averaged only 0:03 parts per 100,000. 


The total organic nitrogen in those effluents could not be satisfactorily deter- 
mined by the usual Kjeldahl process (7.¢., Kjeldahl sith reduction), the error of experi- 
ment of the method being too great for such small quantities. The Kjeldahl process 
without reduction was in the case of the Nottingham effluents much more satisfactory, 
though not in every case reliable; it gave the quantity of total organic nitrogen as 
something like two to three times that of the albuminoid. 


The nitric (including traces of nitrous) nztrogen has been already referred to, 
above. ‘T'wo further points, however, may be noticed here, v7z., (a) the three highest 
figures for nitric nitrogen were found in July ; (/) the last set of samples (Nos. 332, 
333, 340 and 341, drawn in September) were rather poorer in nitrate than the others, 
the average nitric plus nitrous nitrogen in them being 1°44. 


The ratio of oaidised to unoaidised mtrogen (taking the unoxidised=1) was, of 
course, exceedingly high—far higher than in any other set of samples examined ; but 
in view of what has been said above with reference to the determination of organic 
nitrogen in these effluents, only six will be cited, three of which were ‘‘ Kjeldahled” 
after reduction and three without reduction, vzz., Nos. 12, 14, 15, 16, 18, and 110. 
The ratio in those six cases varied between 15 and 51, the average ratio being 
35:1. No “safety limit” ratiocan be suggested here, the sample being so far above 
any ordinary standard. 


The ratio of oxidised to albuminoid nitrogen (taking the albuminoid=1) in the 13 
effluents tested varied between 20°6: 1 and 168:0: 1 the average being 80:1, which is 
probably a record figure. In every case out of the thirteen, excepting two, the ratio 
was from 59:1 upwards. Here again no ‘safety limit” ratio can be suggested, 
for the reason already given. 


Only in three samples, each in duplicate, was the nitric (including nitrous) 
nitrogen determined before and after incubation, either at the summer temperature of 
the air or in the incubator at 26°7 deg. C. (80 deg. F.) ; and in none of these cases was 
the ammoniacal, albuminoid or organic nitrogen determined a second time. No 
conclusions, therefore, can be drawn here with regard to the quantity of nitric nitrogen 
used up by the oxidation of the very small amount of organic matter present 
in these effluents. There was, however, a considerable reduction of nitrate 
in the incubated duplicate of No. 340 (one of the last set), as compared with the 
original sample. 


It will be seen that the chlorine in the effluents examined in December, July, 
and August (those drawn in September were not tested for chlorine) remained 
remarkably constant. If we except No. 121, in which the chlorine sank to 9:2 parts 
per 100,000, owing to a heavy rainfall, the figures for the other twelve samples of 
effluent only varied between 11:20 and 12°56. 


In conclusion.—The Nottingham farm treats on an excellent loamy soil and 
gravelly sub-soil, most of the land being cropped, a medium volume of a rather 
strong sewage containing 40 per cent. of trade refuse, the aggregate organic matter 
treated per acre—apart from volume of liquid—being about two-thirds that at 
Cambridge (compare Diagrams Nos. 3 and 4). The result is an effluent of altogether 
exceptional quality, clear and sparkling, and approaching in the best samples 
within measurable distance—from a chemical point of view—of a drinking water. 

6225. Oe 
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The relative numbers of particles per unit weight of ignited soil and sub-soil, and 
per unit volume of soil and sub-soil, are taken at 100 in both cases, for purposes 
of comparison with the other farms. The soil and subsoil are of the same type 
as those at Cambridge, but rather finer. The relative calculated iiternal filtering 
area down to the drains at Nottingham is about one-third yreater than that at 
Cambridge, and the rate of filtration must be rather slow. (Compare Section on 
Soils, page 275; also Conclusions, page 303.) 


There is only one other point to which attention may be drawn before closing, 
viz.: the rapidity with which the soil of the Nottingham farm recovers itself after 
being over-sewaged. As already mentioned in Mr. Kershaw’s Notes,* Sample No. 11 
represents the effluent from a field (fallow) which had been purposely sewaged night 
and day, in order that we might obtain a bad effluent. After this sample had been 
drawn the plot was sewaged for twelve hours by night only, over a period of seven 
days, when effluent Sample No. 14 was taken; as will be seen by a reference to the 
figures, the analysis of this showed the usual high standard. 


I trust that in this report the great purity of the Nottingham farm 
effluents—from a chemical point of view—has not been dwelt upon too much ; but 
one feels that too great stress can hardly be laid upon this, because it shows what 
admirable results can be obtained from good land under good management. 





Percentage purification, as calculated on the albuminoid nitrogen and ‘oxygen absorbed” 
in four hours. 


(1) Albuminoid Nitrogen. Average. 
(a) 4 chance samples of sewage yielded (1:18 to 2°63) - . - 177 
(6) 3 sets of hourly samples yielded (1:17 to 1:99) - - : 1:45 
STesre he : . 0°05 


13 samples of effluent yielded (0-01 to 0-101) 


The percentage purification therefore was :— 
(a) On the chance samples of sewage - - - - .98;9 per cent. 
(d) ss hourly a P : ; - - 97:9 y 


(2) Oxygen absorbed. 


(a) 4 chance samples of sewage gave (10°97 to 25-06) - : - 1 64 
(>) 3 sets of hourly samples gave (21:03 to 26-29) - : - 23°21 
13 samples of effluent gave (0°05 to 0°37) - - - - 0-19 
The percentage purification therefore was :— 
(a) On the chance samples of sewage - ; - - 98°9 per cent. 
(0) j, dee hourly. rt ‘, - - =hiselpoee % 


Comparison of the Total Niirogen in the Sewages and the Efluents. 


Per cent. 
The average total nitrogen in 4 chance samples of sewage was - 6°39 
7 *; in 3 sets of hourly samples — - - <7 f000 
7 ij in 13 effluents (14 to 35) - . eas 


Mr. Kershaw says in his Report* that there is practically no subsoil water on the 
farm ; so, leaving this out of account, the nitrogen which drains into the river (almost 
entirely as nitrate) works out from the above figures to something like 30 per cent. of 
the total nitrogen of the sewage. Since, however, there must have been very great 
evaporation from the crops when many of the above samples of effluent were being 
drawn, this is clearly dn over-estimate of the loss by drainage. 








* Part IV.:—Engineering and Practical Report. 


Trent River water, with and without admixed effluent. (Diagram No. 36.) 


~—~$Five samples in all were examined, two of them in duplicate, these being drawn 
in the months of July and August, 1900. Three of them (Nos. 112, 117 ana 120) were 
taken above the effluent outfall, and two (Nos. 122 and 123) below it. They were 
slightly opalescent, with a considerable quantity of brown deposit, and were, chem1- 
cally, of very even composition. 


For a non-drinking water stream there was nothing offensive about the water, but 
it was not of high quality, not nearly so good, in fact, as the Nottingham sewage farm 
effluents. The amount of oxidisable matter present, as measured by the “ oxygen- 
absorbed ” test, was very high. Still, the jointed samples, kept for a week toa fort- 
night in warm summer weather, retained a little dissolved oxygen (No. 117 as much 
as 4 c.c.) and also a sufficient reserve of nitrate, and kept sweet. 


! . . 
As will be seen from the Table of Analysis and the Curves, the two incubation 
tests agreed with one another here in the three samples tested. 


yics Of the two Kjeldahl methods for organic nitrogen, that without reduction 
answered better than the other (three samples). 
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NOTTINGHAM SEWAGE FARM. 





TABLES OF ANALYSIS. 


LN 

PAGE. 

Hourly Sewage Samples, Nos. 466, 467, 468 - : : : - . - : : - - 205 
sewages and Effluents, Nos. 10, 11, 12, 13° - : : - : : . 3 . . 4 206 
Effluents, Nos. 14, 15, 16, 18, 19 - .- . =~ 5 0° 5 
Sewage and Effluents, Nos. 109, 110, lll - : - - - - - - : - - 208 
4 . Nos. 143, TU4. 115,116, Tis. 119". oe : : - - - - - 209 
Effuents, Nos. 121, 332° - , Z , : 5 Z ‘ : j : 2 ’ i 210 
» Nos. 383, 340, 341-900 20 


River Water above and below Effluent outfall (including one effluent) :—Nos. 112, 117, 120, 
121, 122,123 2 “ 5 : , t é u : e - 219-213 
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NOTTINGHAM SEWAGE FARM, 1902. 


HourLy SEWAGE Samptes, drawn in equal quantities per hour. 





No. OF SAMPLE - 


NATURE OF SAMPLE - 


Rainfall while samples were being 
drawn 


Drawn - - 


Analysed - 


Parts per 100,000, by weight. 


Ammoniacai nitrogen (by distillation) 
Albuminoid nitrogen 
Nitrous nitrogen - 
Nitric nitrogen - - 


Total nitrogen, by Kjeldahl, with re- 
duction. 


Biank - - - - - - : 
“XP nitogen - — - - 2 2 
Organic nitrogen, by Kjeldahl, with re- 


duction. 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 


‘3 33 = after four hours. 


Chlorine -~ - 
Total solids (gravimetrically) 


Solids in suspension _,, 


Solids in solution 


” 


Cellulose, still containing fat (by extrac- 
tion with alkali and acid alone.) (a) | 


Cellulose (by alkali, acid and ether) (b) | 
Grit from (a) - : : : 


iS ieee 


” %% 


Parts per 100,000, by volume. 


Solids by centrifuge - 


Remarks = - 
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SCREENED AND CRUDE 
SEWAGE. 





24 Hours’ Sample. 
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SCREENED AND CRUDE 
SEWAGE. 


24 Hours’ Sample. 





*0 “0” 


From Monday, 3rd Feb- 
ruary 1902, 12 noon, to 





0:0" 


From Tuesday, 4th Feb- 
ruary 1902, 12 noon, to 








Tuesday, 4th February, | Wednesday, 5th Feb- 
11 a.m. ruary, 11 a.m. 
5th February 1902 - - | 6th February 1902 
3°08 4°32 
1:99 117 
0:08 0°05 
0°45 0°60 
7°82 7°53 
(0°45 in 6°16) (0°45 in 5:95) 
2:22 1:39 
4.21 2°56 
6°02 4°55 
26:29 21°03 
11°26 14:22 
82:0 volatile. 1 | 150-0 Wes volatile. ) 


169°6{ 87.5 non-volatile. f 


48°8 volatile. 
30°4 non-volatile. 


79°2{ 
90-4 


33°2 volatile. 
57:2 non-volatile. f 


24:96 


Too coarse to centrifuge - 


Very turbid, with consider- 
able dark-brown deposit 
and some fairly large 
pieces of white and brown 
suspended matter. Slight 


urine smell. Alkaline. 
* 0':143In. of rain fell 
before No. 466 was 
drawn. 


| 


\ 42:0 





23°6 volatile. 

18°4 non-volatile. f 
J 50°2 volatile. 

ee \57°8 non-volatile. ' 


Too coarse 


Turbid, with probably a 
trifle less (apparent) 
deposit than last sample. 
It contained some pieces 
of brown spongy matter 
whichcould not be broken 
up. Slight urine smell. 
Alkaline. 
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SCREENED AND CRUDE 
SEWAGE. 


24 Hours’ Sample. 





0-0" 


From Wednesday, Sth 
February 1902, 12 noon, 
to Thursday, 6th Feb- 
ruary, 11 a.m. 


7th February 1902. 





4°53 


1-20 


(0°45 in 6°10) 
1:47 
2°67 
5°62 


22°32 





762 non-volatile. | | 


15°36 


~n.4 { 73°0 volatile. 
150 a{ ts ‘4 non-volatile. 
_, (230 volatile. 
34:4 11°4 non-volatile. 
( 50°0 volatile. 


60 \ 66:0 non-volatile. 


14:96 
5°32 


3°80 
3°76 


Too coarse. 


Turbid, with apparently 
rather more solids than 
No. 467, these solids 
being also more dis- 
integrated. Slight urine 
smell. Alkaline. 

February 15th.—General 
solids up to 2°3 m.m. 
long ; wood fibre up to 
1:9 m.m.; hair up to 
114m.m. At this date, 
February © 15th, there 
were swarms of live 
animaleule O01 m.im., 
in length. 
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NOTTINGHAM SEWAGE FARM, 1899. 
Sewages and Effluents. 





























No. or Sampue 9" ~ 0 S 10 | 11 12 13 
NATURE OF SAMPLE - - + - SCREENED | FINAU EFFLUENT | FINAL | SCREENED 
AND from field EFFLUENT AND 
CRUDE SEWAGE No. 39 (this had | off fields Nos. 9,; CRUDE SEWAGE. 
(heavy rain on the | been heavily over- 19 and 12. 
preceding day). sewaged 
intentionally). 
Drawn - - : = : - - | Tuesday, 5th Dec. | Tuesday, 5th Dec. | Tuesday, 5th | Tuesday, 12th Dee. 
1899, 12 noon. 1899, 1.30 p.m.| December 1899,! 1899, 12.15 noon. 
(heavy rain on pre- | 1.35 p.m. 
ceding night). ; 
Temperature of sample - - - 15:0° C, (59° F.) 89° C. (48° F.) 1) 1 Oa(b2ake 150° C. (59° F.) 
Temperature of air - : : - 9°4° C. (49° F.) —. — — 
If jointed or incubated : : : ahead — Jo a ous 
Analysed.) y-y¢igd We Le xs - | 8th December 1899. | 7th December 1899. 7th Dec. 1899. | 15th December 1899. 











Parts per 100,000, by weight. | 
Ammoniacal nitrogen (a) by direct | Not practicable. 0°63 approx. | 0°021 approx. Not noted. 





























Nesslerization. (very turbid.) 
Ammoniacal nitrogen (b) by distilla- 3°21 0°84 0°015 3°62 
tion. 
Albuminoid nitrogen - - - - 1°45 0°37 0°016 2°63 
Nitrous nitrogen - - - - - None. None. None. None. 
| 
Nitric nitrogen - : : : : Not done. 0-01 (?) 1°618 Not done. 
Total nitrogen, by Kjeldall, with re- 4°68 1-26 1:670* 7°86 
duction (after correction for nitrite). : 
Blank - - - . - - - (0°28 in 7°80) (0°28 in 2°31) | (0°28 in 2°51) (0°41 in 13-03) 
Correction for nitrite - - - : None. None. None. None. 
“X”" nitrogen - - - - - 0:02 (?) 0°04 0°021 1°61 
Organic nitrogen, by Kjeldahl, with 1°47 (2) 0°41 0°037 4°24 
reduction. 


Organic nitrogen, by Kjeldahl, without 


reduction : 
Taking ammonia by distillation — - 1°69 0°43 0-071 1-90 
Oxygen absorbed from permanganate 4°97 0°44 0-078 10°76 
at 26°7° C. (80° F.) at once. , 
x3 " 5, after four hours. 20°56 293 0°188 25°06 


Oxygen absorbed from permanganate sss = aoa Be aig 
by sample incubated for five days 
at 26°7° C. (80° F.) at once. 

is + » after four hours. — 2°19 0°157 amar 


Smell after incubation : - - oa Strong _ sulphide. No smell, —- 
Slight blackening. 











Chlorine - tere 21D = abance 9°66 12°50 11°40 23°42 
Spare bottle ; 
jointed 7th, | 
Gases: parts per 1,000, by volume. “th De hea be d 
Carbon Dioxide (free) - - : a — 57°81 65°60 65-46. —— 
Oxygen (boiled out) - - - - | — 0°16 | 4:98 
j 20°95 — 
Nitrogen -—- oF a Se - — 21°58 iri | 
Remarks -  . -  - -  -|Contained much/| Pale yellow liquid|Clear and_|This sample had a 
dark-brown sedi-| with a good deal} colourless. No| copious brown de- 
ment, Alkaline. of brown sediment.| sediment. No} posit. There was 
Distinct sewage| smell. Dis-| dye refuse in it. 


smell. Veryslight-| tinctly alka-| Alkaline. 
ly alkaline. Much | line. Much 
lime and much sul-| lime. Much 
phate in solution. sulphate. 


Note.—From 9th (a) meee ees 
November this field | ‘Kjeldahl’ done 
7 had been sewaged | about a week 
/ night and day for| later; original 
14 days ; after that, | estimation much 
night sewage only. | too low. 
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FINAL EFFLUENT 
from same 
field as No. 11, 
put since 5th December 
only night sewage 
had been run on to it. 
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NOTTINGHAM SEWAGE FARM, 1899. 


Effluents. 





15 


FINAL EFFLUENT 
from same source 
as No. 12. 





Tuesday, 12th December 
1899, noon. 


9:4° C. (49° F.) 


14th December 1899. 





16 


FINAL EFFLUENT, 
corresponding to 


Sewage No. 13. 


18 


FINAL EFFLUENT 
from same source 
as Nos. 12 and 15. 
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FINAL EFFLUENT 
from Field No. 63. 





Tuesday, 12th Decem- 
ber 1899, 12.30 noon. 


9-4° C. (49° F.) 


15th December 1899. 


Tuesday, 12th 
1899, 3.15 p.m. 


10-0° C, (50° F.) 


14th December 1899. 


Dee. 


Wednesday, 20th Dec, 
1899, 4 p.m. 


10-0° C. (50° F.) 


22nd December 1899. 


Wednesday, 20th Dec. 
1899, 4 p.m. 


10:0° C. (50° F.) 





| 22nd December 1899. 





Turbid. 
0-044 
0-026 
0-007 
2°302 
2°334 

(U°41 in 4°15) 
say 0°004 





None (— 0:073) 


0-026 


0°045 


0-031 
0°266 


Beautifully clear and 
bright. Small speck 
of flocculent matter. 
Slightly alkaline. 
Much lime. Much 
sulphate. 








ry 
« 


Tarbid. 
0-011 
0°016 


None. 


f Probably \ 
* too low. Jf 


1875 


1°653 


(0°28 in 3°29) 
None. 
0195+ 
0-20 


0-095 


Too small to measure. 
0-125 


O'l4i 


No smell. 


11°32 


Clear and _ colourless. 
No suspended matter. 
No — smell. Very 
slowly alkaline. <A 
great deal of lime and 
much sulphate. 


+These figures are ob- 
viously far too high. 


line. 





Turbid. 
0:275 
0-049 
0-018 
1°806 
2°223 

(0°28 in 3°83) 
0-011 
0:075 


0-124 


None (— 0°063) 


0-094 
0-314 


0-580 
No smell. 


12°56 


60°28 
4°55 
15°99 


Clear and colourless. 
No suspended matter. 
No smell. 
but distinctly alka- 

A great deal 

of lime and of sul- 

phate in solution. 


Slowly 





Turbid. 
0-016 
0:027 

None. 
1°598 
1°651 

(0:28 in 2°93) 

None. 
0:010 
0:037 


0°037 


0:031 


0°125 


0-062 (17 days). 


No smell. 


11°20 


f Free and \ 
\ combined. f 


5°74 


164°93 


15°97 


Clear and colourless. 


No suspended matter. 


No smell. V ay 
slowly alkaline. - 


great deal of lime | 


and much sulphate. 


| 
| 
| 
Turbid. 
0:289 
0-101 
0:019 
2°061 
2°154 
(0°41 in 3°85) 
0-011 
None (— 0°308) (?) 
0-101 (2) 


0-054 


0°016 


0°25] 


0:298 (17 days). 


Sweet. 
12°56 


Free and 
combined. 


4-79, 


; 197 °40 
16°17 


Clear and colourless, 
Nosuspended matter. 
No smell, but earthy 
upon warming. 
great deal of lime 
and much sulphate. 
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NOTTINGHAM SEWAGE FARM, 1900. 





No. OF SAMPLE 


NATURE OF SAMPLE 


Drawn 


Temperature of sample 
Temperature of air 
If jointed or incubated - 


Analysed 


= f+ 








Sewage and Effluents. 
SOE SE MSs RS eA EN Ss Cas 
109 110 111 111 
Seater ss | —_ a 
SCREENED | FINAL EFFLUENT | FINAL EFFLUENT DUPLICATE 
AND corresponding to | from same source as SAMPLE. 
CRUDE SEWAGE. Sewage No. 109. No. 110 
Monday, 28rd July ; Monday, 23rd July | Tuesday, 24th July | Tuesday, 24th 
1900, 11.55 a.m, 1900, 2,15 p.m. 1900, 3 p.m. July 1900, 3 p.m. 


24th July 1900. 





11°7° C. (53° F.) 
24°4° ©. (76° F.) 


24th July 1900. 


11°7° C. (53° EF.) 
27°8° C. (82° F.) 


25th July 1900. 





Jointed, 25th July. 
3rd August 1900. 








Parts per 100,000 by weight. 
Ammoniacal nitrogen (a) by direct 
Nesslerization. 
Ammoniacal nitrogen (b) by distilla- 
tion. 
Albuminoid nitrogen 


Nitrous nitrogen 
Nitric nitrogen 
Total nitrogen by Kjeldahl, with re. 
duction (after correction for nitrite). 
Blank 


Correction for nitrite 
“X” nitrogen 


Organic nitrogen, by Kjeldahl, with 
reduction 


Organic nitrogen, by Kjeldahl, without 
reduction : 


Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) at once. 
after four hours. 


~ 


” 99 ” 


Oxygen absorbed from permanganate 
by sample incuhated for five days 
at 26°7° C. (80° F.) at once. - 

after four hours. - 


” 9 ” 


Smell after incubation - 


Chlorine 
Gases: parts per 1,000, by volume. 


Oxygen (by cuprous chloride) : 


When sample was analysed 


Remarks 





Turbid. 
5°32 
1°83 

None. 
Not done. 


7°19 


(0°19 in 5:29.) 


None. 
* 0:04 (2) 
pas 7a(e) 


3°03 


4°22 
10°97 


17°96 


This sample con- 
tained a moderate 
amount of black 


and brown  de- 
posit. Sewage 
smell. Alkaline. 


“These figures are 
clearly wrong, 





Turbid. 
0:28 
0:08 

None. 
2°99 
3°38 


(0°16 in 4:95.) 


None. 
0:08 
OSL 


0°03 


Nil. 
0°09 


Six days. 
O11 Tempera- 
0°22 batorlow ou 
two days. | 


Sweet. 


11°94 


5'5 approx. 


As clear and colour- 
less as tap water. 
No suspended 
matter. Nosmell. 
Alkaline, 


ture of incu- } 





Turbid. 
0°23 
0°04 
0-01 





3°28 
3°45 


(0°19 in 5:07.) 


+ 0°01 
None (— 0°11.) 
0:04 


0°03 


Nil. 
0°10 


0°13 





Sweet. 


11°84 


’ 


3°0 approx. 16 





Clear, bright and | There has been 


colourless. Either | only a _ small 
nosmellorearthy. | absorption of 
A few greenish | dissolved oxygen 
flocculent parti- | here. 

cles. Strongly al- 

kaline. 
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NOTTINGHAM SEWAGE FARM, 1900. 
Sewage and Effluents. 





113 


FINAL EFFLUENT 
| from same source as 





114 


SCREENED 
AND 


115 


FINAL EFFLUENT 
corresponding to 


116 


| EFFLUENT 


119 


FINAL EFFLUENT 


from same source | from same source as 


118 


FINAL EFFLUENT 
from Night Sewage. 








| Nos. 110 and 11], CRUDE SEWAGE. Sewage No. 114. as No. 115. No. 115. 
| after three days’ | 
| sewaging. | 
| 
i aah ¥. at 
. Wednesday, 25th | Monday, 30th July | Monday, 30th July | Tuesday, 3lst | Wednesday, Ist | Wednesday, Ist 
| July 1900, 11.45 | 1900, 12.15 noon. 1900, 2.15 p.m. July 1900, 11.45 | August 1900, | August 1960, 
| a.m. a.m. 11.45 a.m. 11.30 a.m. 
11°7° C. (53° F.) 19°4° C, (67° F.) TOrGCaole ke) 10°6° C, (51° F.) 10°6° C. (51° F.) 12°8° C. (55° F.) 
27°8° C. (82° F.) 162720 (62° ¥.) 30-0° C. (68° F.) | 20°0° C. (68° F.) 20°0° C. (68° F.) 20.0° C. (68° F.) 


26th July 1900. 


Ist August 1900. 


lst August 1900. 





2nd August 1920. 


2nd August 1900. 





Turbid. 

0-21 

0:03 

0°01 
{Probably \ 


2°80 to low... J 


3°41 





(0°16 in 4:98.) 


| + 0°01 

a, These 

a 6 figures are 
0-29 of course 


too high. 


None (— 0°17). 


0°13 Six 
0-40 J days. 


Sweet. 





~ 11°94 


4°3 


Clear and colour- 


matter. No smell. 
Strongly alkaline. 





et 


the 


(A.) (B.) 
Same Bottle. 
yd 





3°24 
1-07 


3°78 

1°29 

Slight trace. None. 
Not done. 


mein 8” OSs 


(0°19 in 4°31; 0°37 
in 4°14.) 








None. 
1:50 0°31 
2°57 1°60 
isyei —_— 
13°96 = 
— 14°36 


This sewage con- 


less. Nosuspended| tained a moderate 


amount of loose 
dark-brown  sedi- 
ment, besides some 


tea leaves (which were rejected for 
analyses). 


Sewage smell. 


Strongly alkaline. 
Note.—(A.)and (B.) were two different 


i workers. 


Even allowing for diserep- 
ancies in sampling, the above results 


do not agree very well, but they may 


be given here. 


The average of the 


figures is taken. 


Turbid. 
0:05 
0:03 

Trace. 
1‘78 


1:90 
(0°16 in 2°86.) 
None. 


0:04 


0-07 


0°02 


0-01 


0-25 


Slight earthy. 


11°30 


Clear and colour- 
less. The only 
suspended matter 
was one small 








worm. No smell. 
Strongly alkaline. 











This bottle arrived 
broken, The 
liquid was clear. 














(A.) (B.) 
Separate Bottles. 
Turbid. Turbid. 
0:03 0:03 
0-01 0°01 
0°01 0-01 
1°63 1°70 
1:93 1°94 


(0°19 in 2°91; 0:13 
in 2°83.) 


+0°01 +0°01 
0°25 (?) 0°19 (2) 
0°26 (?) 0°20 (?) 
0:02 0:06 
0:16 — 
0 22 = 
0-19 Six 
0°16 days. 

Sweet. 
124 11°45 
5°25 


As clear and colour- 
less as tap water. 
Nosmell. Strong- 
ly alkaline. 


(0°16 in 3°24.) 


+ 0°01 
0°16 


0°19 


0:08 


0°14 
0°37 


0°25 
0°38 


Sweet. 


11°84 


ia 


Clear and colourless. 
A few minute 
vreenish particles. 
No smell. Strong- 
ly alkaline. 





ee _——L———LK— 


6225. 


D 


D 
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NOTTINGHAM SEWAGE FARM, 1900-1901. 





Effluents. 
No. oF SAMPLE- - - . - No. 121 121 302 soe 
NATURE oF SAMPLE - - : - GENERAL DUPLICATE. GENERAL SMALL. 
EFFLUENT. EFFLUENT. DUPLICATE. 








Drawn - 
Temperature of sample - - - 
Temperature of air - - - - 


If jointed or incubated - - - 


Analysed - 3 : 2 


Monday, 6th August | 


1900, 11.45 a.m. 
12°8° C. (55° F.) 
15:0° C. (59° F.) 


7th August 1900. | 


Jointed, 7th August. 





Monday, 23rd Sep- 


tember 1901, 2.45 
p-m. 

13°3° C. (56° F.) 
19°4° C. (67° F.) 


16th August 1900. |25th September 1901. 


Jointed and incu- 


bated, 25th Sep-— 


tember. 
10th October 1901, 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 


Nesslerization. 
Ammoniacal nitrogen (b) by distilla- 
tion. 
Albuminoid nitrogen - - - - 
Nitrous nitrogen - - - - - 


Nitric nitrogen - - - ;: 


Total nitrogen, by Kjeldahl, with re- 
duction (after correction for nitrite). 


Blank - - - - - - 
Correction for nitrite - - - 
“«X” nitrogen 


Organic nitrogen, by Kjeldahl, with 
reduction. 


Organic nitrogen, by Kjeldahl, without 
reduction : 
Taking ammonia by distillation - 


Oxygen absorbed from permanganate 


at 26°7° C. (80° F.); at once. 
after four hours. 


9? 2? ” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once. - - 

after four hours. 


9 ” ” 


Smell after incubation . - 
Chlorine - : : : : ! 


Parts per 100,000, by volume. 
Solids by centrifuge - : a 


Gases: parts per 1,000, by volume. 


Oxygen (by cuprous chloride) 


Remua-ks 





(A.) (B.) 
Separate Bottles. 
Turbid. Turbid. 
0-04 0:04 
0-02 0:02 
Heavy Trace. 

trace. 
1°25 1°25 
1°41 1°54 





(0°16 in 2°09 ; 

0:13 in 2°30). 

None. 
0:10 


0°12 


0:23(?) 
0-25(?) 


0:06 
0:02 — 
0:07 — 


0:06 





Nil. as 
0°12 
Sweet. aH 


7:10* 


6:1 


Very slightly opa- 


lescent. A few 
greenish flocculi. 
Nosmell. Strongly 
alkaline. 


* There has been 
clearly a mistake 
in one of these , 
figures for chlorine., 





(A.) (B.) 


1°30 


138 


This sample has 
undergone no 
change during the 
last week, though 
the weather was 
warm. 








Mere trace. 
Dae 


¢ 





0-11 
0°28 


0:19) seven 
0:46 f days. 


Sweet. 


oat Siac } 


Clear and colourless, 


with a little red- 
dish-brown _ floc- 
culent sediment 
(obviously washed 
out from ae 


drains). (0) 
smell. Alkaline. 





No smell. 


Just over 1:0 


After incubation 
this was a clear, 
colourless — liquid, 
but containing a 
fair quantity of 
red-brown floccu- 
lent particles. No 
smell. Alkaline. 
Incubation had 
only caused this 
to lose a very little 
dissolved oxygen. 





- = 


| 
. 


27th September 1901. 
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NOTTINGHAM SEWAGE FARM, 1900--1901. 
Effluents. 

333 333 340 340 341 341 
GENERAL SMALL GENERAL SMALL GENERAL SMALL 
EFFLUENT. DUPLICATE. | EFFLUENT. DUPLICATE. EFFLUENT. DUPLICATE. 

Tuesday, 24th Sep- — Wednesday, 25th — Thursday, 26th —— 
tember 1901, 11.30 _ September 1901, September 1901, 
4.15 p.m. 11.30 a.m. 


a.m. 
133° C. (56° F.) 
15°6° C. (60° F.) 


Jointed and incu- 
bated, 25th Sep- | 
tember. 
llth October 1901. 


12°8° C. (55° F.) 
16°7° C. (62° F.) 





} 


None. 


0-21 


0°18 
0°37 


Not noted, but must 
have been sweet. 


34:0 

2°8 
Ve clear and 
colourless. Not 
much sediment, 
which was red- 


brown in colour. 
No. smell. Al- 
kaline. 


After 





No smell. 


12 


incubation, 
clear and colour- 
less, with a fair 
amount of red- 
brown  flocculent 
sediment. No 
smell. Alkaline. 
Here again incuba- 
tion had caused 
the loss of but very 
little oxygen. 





| 








Jointed and incu- 
bated, 26th Sep- 


18-9° C. (66° F.) 
18-9° C. (66° F.) 


Jointed and incu- 
bated, 28th Sep- 


















tember. tember. 
26th Sept. 1901. | 11th October 1901.| 28th Sept. 1901. | 11th October 1901. 
None 0°10 None. — 
1-27 0°76 1°24 ae 
None -a 0:03 Bets, 
0°50 —— 0°52 path 
ome) six et 015 1x 
0°39 f days. 0°28 —— 
Sweet. No smell. Swee* Not noted, but 
sweet (no doubt). 
I 
Less than 25-0 —— Less than 27:0 — 
25 0-7 22 About 1:2 
Clear, colourless | After incubation | Very slightly | After incubation 
liquid, but with| this wasa clear, | turbid colourless| this was a very 
apparently a fair| almost colour- | liquid. Not} slightly brown, 
amount of red-| less liquid, with | muen red-brown | clear liquid with 
brown floceculent | red-brown sedi- | sediment. No] some red-brown 
sediment. No! ment. Nosmell.| smell. Alkaline.} sediment. Alka- 
smell. Alkaline | Alkaline. line. 
Note.—It is 
curious that 


there should be any oxygen left 
here, with the nitrate so much 
reduced. Possibly the solid floc- 
culent matter in the lower part 
of the bottle reduced some ni- 
trate in its immediate neigh- 
bourhood, before the dissolved 
oxygen in the upper layer of 
liquid was exhausted. 


db 2 
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NOTTINGHAM SEWAGE FARM, 1900. 
River Water. 








No. OF SAMPLE 


NATURE OF SAMPLE 





Drawn - - 


Temperature of sample - 
Temperature of air 
If jointed or incubated - 


Analysed 
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TRENT RIVER WATER 
above Effluent Outfall. 


Tuesday, 24th July 1900, 
4 p.m. 


229° ©. (72° F.) 
27°8° C. (82° F.) 
Jointed 25th July. 
9th August 1900. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 


Nesslerization. 


Ammoniacal nitrogen (b) by distillation | 


Albuminoid nitrogen 
Nitrous nitrogen 
Nitric nitrogen 
Total nitrogen by Kjeldahl, with reduc- 

tion (after correction for nitrite). 
Blank - - - - - - 
Correction for nitrite - - - - 
«X” nitrogen 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 


Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
after four hours 


o> ” ” 


Oxygen absorbed from permanganate 


by sample incubated for five days at 


26°7° C. (80° F.); at once. - - - 
after four hours 


”° ” ”» 


Smell after incubation - 


Chlorine - - = - - 
Gases: parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 


When analysed : : 


Remarks . a C . 


a Oh Ee Ae ee 


Notr.—(A) and (B) were two different workers. 


agree well in certain respects. 





(A) (B) 
; 0:27 0-28 
a 1-0 


All the dissolved oxygen 
has not been exhausted. 
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TRENT RIVER WATER 
above Effluent Outfall. 


| Tuesday, 31st July 1900, 


12.30 noon. 
18°9° C. (66° F.) 
21°F Cae) 
Jointed 1st August. 
15th August 1900. 


(A). (B). 
0°36 0°48 
40 = 





120 


TRENT RIVER WATER 
above Junction with 
fluent. 


Monday, 6th August 
1900, 11.30 a.m. 


14°4° C. (58° F.) 
144° C. (58° F.) 


9th August 1900. 





(A). (B). 
Separate Bottles. 
Turbid. Not noted. 
0°06 0:06 
0°08 0°03 
0:02 0-01 
0:21 0°25 
0°38 — 
(0°16 in 0°68) 3 — 
+0°01 = 
0-01 _ 
0:09 ., — 
0°17 — 
0°30 0°58 
eis) 1°46 
0°20) Six 0°33 


1:20 f days. 1°14 


Sweet. Not noted. 
4°30 4°20 


4:5 — 


This sample has kept its | Very slightly opalescent, 


oxygen well. 





considerable 
No 


with a 
brown deposit. 
smell. Alkaline. 


It will be noticed that some of the above duplicate analyses do not 
Even taking into account the fact that separate bottles of the samples were examined, it 


is evident that the “ personal equation ” has had some influence here, i.e., the albuminoid is in three instances out of four 


higher in (A) than in (B), and the 4-hours “oxygen absorbed ” lower. 
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DUPLICATE SAMPLE. 





Jointed 7th August 
15th August 1900. 
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NOTTINGHAM SEWAGE FARM, 1900. 


121 122 


GENERAL EFFLUENT. | RIVER WATER AND 
EFFLUENT MIXED. 
(River high.) Drawn 
50 yards below 
Effluent No. 121. 








Monday, 6th August 


Monday, 6th August 
1900, 11.45 a.m. 


1900, 12 noon. 


12°8° C. (55° F.) 14°4° C, (58° F.) 


15:0° C. (59° F.) 13°9° C. (57° F.) 


7th August 1900. 8th August 1900. 


River Water alone and admixed with Effluent. 
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RIVER WATER AND 
EFFLUENT MIXED. 
(River high.) Drawn 
120 yards lower down 
than Sample No. 122. 
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DUPLICATE SAMPLE 





Monday, 6th August 
1900, 12.30 noon. 


14°4° C. (58° F.) 
13°3° C. (56° F.) 


| 8th August 1900. 


Jointed 7th August. 
17th August 1900. 





(A). (B). 
Same Bottle. 





0°34 


| 0°30 


1:20 


This sample appears to 
be much the same in 
quality as Sample No. 
112. 














(A), (B). (A). (B.) 
Separate Bottles. Separate Bottles. 
Turbid. Turbid. Turbid. Turbid. 
0:04 0°04 0:06 0°05 
0:02 0:02 0:08 0°04 
Heavy trace. Trace. 0:02 0:02 
1°25 1°25 0:25 0°29 
1°41 1°54 0°48 0°47 
(0°16 in 2:09 ; (0°16 in 0°83 ; 
0°13 in 2°30). 0°13 in 0°78). 
None. None. +0°01 +0°01 
0°10 0°23 (?) 0:07 0:07 
0°12 0°25 (?) 0°15 O11 
0:06 0:06 0:13 0°18 
0°02 — 0°30 0°69 
0:07 a 1:14 1°60 
Nil. — 0°12) Six 0°58 
0°12 aa 0°89 J days. 1-02 
Sweet. _ Sweet. Not noted. 
7°10* 9-20* 40 4:1 
*Cannot account for 
this discrepancy ; one 
figure must be wrong. 
6°1 — 4°8 “= 


Very slightly opalescent,) Opalescent, with con- 
with a few greenish | siderable brownish 


floceuli. No smell. | and somewhat 

Strongly alkaline. granular deposit. 
Slight earthy smell. 
Alkaline. 








(A). (B). 
Separate Bottles. 
Turbid. Turbid. 
0-06 0°05 
0:08 0:05 

0°02 0-02 
0719 0°15 
0:43 0°44 
(0°19 in 0°78 ; 
0:13 in 0°73). 
+0°01 +0°01 
0:08 0-17 
0°16 0‘22 
015 0°16 
0°37 0°87 
1:33 1'50 
0°21) Six 0:44 
1 02 f days. 1°24 
(44 hours). 
Sweet. Not noted. 
3°54 3°95 
4°7 — 


Opalescent, with con- 

siderable brownish 
deposit. No smell, 
or only a_ slight 
earthy one. Alka- 
line. 





(A). (B). 
Same Bottle. 





0:28 











0°7 


Between 7th and 17th 
August the weather 
was warm. The 
dissolved oxygen has 
been pretty nearly 
exhausted here. 
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Diagram WN? 34. 


NOTTINGHAM SEWAGE FARM. 
SEWAGES. CURVES. 


DEC?1899 JULY,1900. FEBRY 19G2. oe 
“CHANCE SAMPLES “HOURLY SAMPLES: DOLE SEE Ae 
(PE a a 

io §6='3 6109 114 466 467 468 Ser & C=Sereened & Crude 
Ser &C Ser&C Scr&C Scr&CSeral Scr&C Ser &C 








REFERENCE 
Parts per 100.000, hy Weight. 








Alhununota Nitrogen... ...... Shewn, thus 


Organic Nitrogen by kKyeldahtl, 
with Reductton..-__-__- 





Organic Nutrager by Hyel dahl, 
without Reduction, ---..------ ------- 











Ammoriacal Nitrogew. _.-.------..-:.--. -— 





Total Nurogen by Hyeldakth, 
with Reduction» .---- 











& yy : 
Oxygen absorbed trom Fermanganate- 





at 26°7'°C(80F) ah OUTS OUT Se eo ee 
CPG (OTOL) oe ae ee ern 





Solids tw suspenstore (Gravimetrically J 
(Scale divided: O10) ees 








UCLEELOS Cee ee 


or een a eee 





Cellulose (still contaauang fat).....--... — 














Note 
Figures in the Vertical line repr2sene 
¢ A 32 
Parts per 700.000. 











figures uvthe Horizontal line. represent: 
the numbers of the: Samples anaivysed, 








A dotted line wu used when there is a 
break in the curve - 





10 13 109 3t4 466.467 468 
Ser&G Scr&C Sor&C Sor&C Scr&C Ser&C Scr&C 


3332.83.62 Weller & Graham , ltd Litno,London 
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Diagraie N° 35, 


NOTTINGHAM 


SEWAGE 
EFFLUENTS. CURVES. 


FARM. 
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ointed ited ~ Incub? Incub? Incub? Incub9 


Note | 
Vointed’ Indicates a sample jointed and 
allowed to stand at laboratory temperatare, 


Note 
Figures in the Vertical line. represent 
‘Parts per 100.000.” 


| Figures ivthe Horizontal line represent 
the numbers of the Samples analysed 


A dotted line vs 
mr the 


Uv 


: ree bated Indicates a sample jointed and 
a lowed to stand tor five days or longer ata 


Pempeatee of 26.7°C(80°R). 


used when therets aw 
e- 


aa 
=) ee 


iss. 


od 


_ REFERENCE 


Smell of Samples when drawn Sheww tus 4 ore 
D Scudders Incabatior, Test------—-_-___- + — 
Incubation test as Judged by Smell he — 


Parts per 1000, by Volume(C.C.perLitre) 


ep) 


Dissolved Oxygen when samplewas analysed Shown thus 


Parts per 100.000, by Weight. 


Total Nitrogen by Hjeldaht. 
with Reductio Shewn thus 


ED Sees 


Nitric + Nitrous Nitrogen (together). ._..—__—. 


Qocygen absorbed from Permanganate 
at 26°7'C(80F.) iv four hours 


Parts per 100.000, by Weight, 
Albuminotd Nitrogen. _--... Shewn thus 2 


Organic Nitrogen by Kjeldahl, 
willy. ediecti ony, _ aes. 


A 


Organic Nitrogen by Kjeldahl, 
without Reduction, 


-Weller&Graham 9 Litho. London. 














; 1 Pg. fo he; 
ore i ie vv i ‘ae 
: a - Fas Saas ie 





il 
q 


Tau 





es) “te ‘ai 


Diagram N°? 36. 


NOTTINGHAM SEWAGE FARM. Note. | 
RIVER WATER. CURVES. A Tidicates 2 sariple drawn from above_Eftluent/ Outtalll, 
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RUGBY (HIGH LEVEL) SEWAGE FARM. 





CHEMICAL REPORT. 


. Situation of farm.—New Bitton, about one mile from Rugby. 
. Total acreage of farm.—40 acres. 

. Total irrigable area.—35 acres. 

. Average area irrigated at one time.—7 acres. 

. Population draining to farm.—6,000. 

. Population per acre irrigated.—171. 

. Gallons of sewage per head per day.—50. 

. Dry weather flow of sewage per 24 hours. —300,000 gallons. 


. Gallons of sewage treated per acre per 24 hours.—42,850. 


Gallons of sewage treated per acre per 24 hours, on the assumption that each 
acre of the irrigable area is under sewage all the time.—8,500. 


Character of the sewage.— Mainly domestic. 


2. Method of treatment.—Screening and settling for the most part, but with a. 


little. chemical precipitation. Surface irrigation 
and filtration combined, but the former 
predominating. 


General character of the soil and subsoil. Heavy loam overlying stiff clay. 
Separate or combined sewerage system.—Partially separate. 
The final effluent is discharged into—River Avon. 


Number of years farm in operation (before 1900).—33 years. 
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RUGBY HIGH LEVEL SEWAGE FARM 


This farm, like those at Beddington and South Norwood, is an old one, having 
been started 35 years ago (from 1902), and, like them, it is interesting from the fact of 
a few observations having been made there by the Rivers Pollution Commission of 
1868 (Vol. 1, First Report, pp. 79-80). Only two analyses of effluents are cited in 
the Report of that Commission, one of these being a final effluent, which was good. 


The total area of irrigable land is 35 acres, of which about 7 acres are sewaged 
at one time. It will be noticed that this ratio (85:7) is a high one. The whole of the 
land is cropped at one time or another. 


The farm is drained at an average depth of 3’ 9”, and, in addition, there are some 
old land drains 18” below the surface (cf. Part IV. : Engineering and Practical Report). 


The efiuents are partly surface and partly filtration effluents, but more surface 
than filtration (cf. temperatures of effluents ; also diagrams of temperatures of effluents 
throughout the year, as given in the Engineering Report. In those diagrams the 
temperature differences between filtration and surface effluents are seen to be 
very striking). | 


It may be well to draw attention again here to what has already been explained 
in some detail by Mr. Kershaw, viz., to the fact that the Rugby High Level Farm 
system is different to that of any other farm which has been under observation by the 
Commission. Half of the (settled) sewage is treated on a relatively large plot of 
ground (A), and the effluent from this is mixed with the other half of the sewage, 
the mixture then passing over (and through) a second smaller plot of ground (B). 
Roughly speaking, the areas of A and B are as 24:1. The second half of the sewage 
is thus blended with an equal volume, or thereabouts, of a partially purified liquid , 
which is already to some extent aerated and nitrated. It would be very interesting 
to compare over a sufficiently long period of time the results given by equal quantities — 
of the same sewage treated partly in this way and partly in the usual way (7.¢., over © 
two fields, one after the other). 
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Soil and Subsoil. 


The surface soil is a heavy loam about 10’ deep, and it overlies yellow clay, but 
pot-holes of graye! occur in places. 


The mechanioal composition of this soil, carefully sampled to represent as true 
an Bseree? as parable: is given in the following bab Gr 





Surface Soil, Per Cent. Sub-soil, Per Cent. 















































NAME OF }RACTION. 
| Tenived. Ignited. | Difference. ad Ignited. | Difference. 
“Gravel ’ (above 8:0 m.m. diameter) - —- aS ou = fis as ea 
Fine “ Gravel” (above 2°0 m.m. diameter) - 3°31 3°17 0-14 _ — — 
Coarse “Sand ” (above 1:0 m.m. diameter) - 1) 1:04 0:09 —- 3 = 
| 
Coarse “Sand ” (above 0°5 m.m. diameter) - 1:18 : 1°13 0-05 — — - 
Medium “ Sand” (above 0°25 m.m. diameter) 2°06 1:96 0-10 — — — 
“Sand ” (0°25 to 0°05 m.m.) - : - | 36°74 35°91 0°83 — — = 
“Silt” (0:05 to 0-01 m.m.) Pek URE OS'S) lates 3-63 ws ait as 
“Dust” (from 0°01 m.m. downwards, which 
settles from water in 24 hours) - - | 21°44 18-29 3°15 -- ae fe Ns 
“Clay” (i¢., the still finer residue precipi- 
tated from water by dilute nitric acid) — - 7-40 6°46 0°94 _ ot nes 
Loss on ignition (separate determination) — - — 9°24 a ~- ae sae 
98°77 99-08 7:93 
Real specific gravity of soil dried at 110° C. 2°595 -- —— — = ah 
1:74 | 
Apparent specific gravity - - aeilis 1°63 —- — _ — hee 
|) 1-68 |} 
Weight of water retained by 100 grammes 
of the soil when fully drained - - -| 55:9 4 — — foe ae RAs 
Number of particles in 1 gramme of the . 
ignited soil (approx.) —- - : - | 3,207,341,170 — Pe bins Le 
Number of particles in 1 ¢.c. of the ignited 
soil (approx.) - - - - | 5,384,971,060 = rhe. a. pet 
Parts per 100,000. 
Lime dissolved by water in 24 hours - : 0-051 _ oe 0-071 ea! Sins 
“Lime dissolved by water saturated with car- | 
bonie acid, in 48 hours - - - Ve Uleee a 0:969 at at 





Section upon Soils: page 275. 
6225. 
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For a discussion of the figures given in this table, the reader is reterred to the 


Volume treated per acre, ete. 


As already stated in the Engineering Report,* only a part of the Rugby sewage 
is treated on this farm. The sewage is domestic, with this exception. —that it 
contains a large quantity of oil from an engine works, which is skimmed off twice a 
day from the surface of the settling tanks, because of the injury that it formerly caused 
to the growing rye grass when it was allowed to run on to the land. 
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The dry-weather flow of sewage is 300,000 gallons, and the population draining 

to the farm about 6,000; hence the flow per head is 50 gallons-—a very high figure. 
Since the water supply is only 26° gallons, half of the sewage must consist of 
subsoil water which finds its way into the sewers. . 


The number of persons per acre irrigated is 171. | 


Mr. Kershaw states that there is not much subsoil water on the farm itself now. _ 


The average area under irrigation at one time is 7 acres, an acre treating 42,850 © 
gallons in 24 hours. But if we again assume, /or purposes of comparison, that the 
whole irrigable area is under sewage continuously, then cach acre at Rugby treats 8,570 
gallons per 24 hours all the year round. 


Nature of Sewage. (Diagram No. 37.) 


The Rugby sewage is rather strong, though not quite so strong as the sewage 
at Aldershot Camp, and the samples throughout were alkaline, some of them very 
decidedly alkaline. The sewage arrives at the farm in a fairly fresh condition and not 
well broken up. 


{ 
| 
Eight chance samples, three of these screened and precipitated, Nos..95, 99 and 
101; one screened and settled, No. 224; and four crude, Nos. 93, 97, 233 and 235, ; 
were drawn; and three sets of average daily samples (screened and settled), drawn 4 
in equal quantities every hour during the 24 hours (Nos. 472, 473 and “ray Most 
of the samples had a sewage smell, but one (No. 233) smelt of soap, and another 
(No. 235) of parattin mixed with sewage, while the three hourly samples had 
respectively a shght urine smell, a hippuric acid smell, and a smell like that of cattle 
urine. The temperature of these samples, drawn in the months of February and 
March, June and July, varied between 55° and 15° C, (42° and 59° F.). 






As will be seen from the tables of analysis and the accompanying digest of the 
main figures of these analyses (see below), the averages of the chance samples in 
total nitrogen, organic nitrogen and “oxygen absorbed” are not very different from — 
the same averages of the hourly sets of samples. But this must be an accident, 
seeing that the chance samples were partly crude, partly screened and precipitated, 
and partly settled. It will therefore be safer, in making any approximate calculations, 
to depend on the three sets of hourly samples of screened ,and settled sewage, both 
because this is the general treatment of the sewage on the farm, and also because 
no rain fell when these latter samples were being drawn. | 


As at the other farms, these hourly samples were taken—not according to rate of 
flow—but in equal quantities per hour throughout the 24 hours of the day, and the 
analytical figures will therefore probably represent a weaker sewage than is actually 
the case. But on the other hand the large influx of subsoil water into the sewers 
will—as Mr. Kershaw has pointed out-—tend to counteract this, more subsoil water 
getting in at night, when the sewage flow is small and the sewage is weak, than 
during the day. . 





* Part IV. : Engineering and Practical Report. 
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The following is a summary of the more important analytical results :— 


. Average. 
Total Nitrogen—(a) 8 chance samples, partly screened and_precipi- 
tated, partly screened and settled, and partly crude (2°80 to 14°94) 9°95 








(D) 3 sets of hourly samples (9°39 to 9:99) - . : : 9°65 
Ammoniacal Nitrogen (a) 8 chance samples, as above (1°95 to 11°21) 7°37 
(4) 3 sets of hourly samples (5°74 to 6:46) - : - ; 6-11 
Zotal Organic Nitrogen—(a) 8 chance samples, as above (1°61 to 5°57) 2°54 
(4) 3 sets of hourly samples (2°87 to 3°55) — - : - - 3°29 
Albuminoid Nitrogen—(a) 8 chance samples, as above (0°40 to 2°84) 1:49 
(4) 3 sets of hourly samples (1°56 to 1:80) —- - - - 1:73 
“Oxygen absorbed” in 4 hrs, at 267° C. (80° F.)—(a) 8 chance samples, 
as above (3°55 to 33°31) - - - - : - : - 15-00 
(b) 3 sets of hourly samples (17°55 to 19°18) - - - - 18°44 
Chlorine—(a) 8 chance samples, as above (4°86 to 18°30) . arte 168 
(b) 3 sets of hourly samples (9°36 to 10°46) - : : - 995%: 
Chlorine in the Water Supply : - - : : - . 2°30. 
Ratio of Ammomucal Nitrogen to Chlorine, 3 sets of ' ik $163 
hourly samples — - - - : - ROY S470) 
Ratio of Ammoniacal Nitrogen to Chlorine, after (1:1°23 
deducting the chlorine of the water supply,* (1:1:21 ) 2) ) aE SERGE 
3 sets of hourly samples - : . - - (1:1°33) 
Chlorine in Subsoil Water — - : - : - - - - 
Solids in Suspension, 3 sets of hourly samples (43-0 to 50:6) - - 47°30 
Solids in Suspension, by Centrifuge (volumes) 3 sets of hourly 
samples (258 to 345) - - - - : : : - -  304:°0 vols. 
feo 6°S) 
Ratio of Solids: in Suspension to Centrifuge Solids it : 64 | - 1:64 
bod 


Cellulose, still containing fat, 2 sets of hourly samples (12°96 and 20:96) 16-96 
(One extraction with dilute alkali and one with dilute acid.) 


Ratio of Celluloses containing fat to Suspended Solids, (1: 24\ | 1-2-9 
2 sets of hourly samples - . - - - |1 : 3:3; bh 
Cellulose, 3 sets of hourly samples (5°88 to 7°92) — - . f “ 7:29 

(Extraction with alkali, acid, and ether.) 
Ratio of Celluloses to Suspended Solids, 3 sets of [ ; a Wt deh 
Rourey samples iia sof sy oti OS ae, iE \y 79 


Few deductions can be drawn from the analyses of the various chance samples 
of sewage, excepting to note how widely they differ from one another. No. 95 
‘screened and chemically precipitated sewage) was an exceedingly dilute sample in 
avery respect. Nos. 99 and 101 (also screened and precipitated) were, on the other 
hand, both strong, the first especially, but it would be hard to account for the great 
difference in chlorine in the two cases. Nos. 93, 97, 233 and 235 (crude sewages) 
varied greatly in strength, No. 93 being strong, No. 97 rather strong, No. 233 weak 
as regards nitrogen, and No. 235 strong (abnormally so as regards “ oxygen absorbed ”; 
it contained a very considerable quantity of brown sediment). 


The three sets of hourly samples of screened and settled sewage were remarkabiy 
even in composition, containing an average of 9°7 parts total nitrogen, 3:29 parts 
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organic nitrogen (of which 1°73 was albuminoid), while the “ oxygen absorbed ” figure 
was 17-6. The suspended solids averaged 47 parts, which does not show good 
settlement. 


The sewage which the Rugby high level farm has to treat may thus be classed 
as a rather strong one. 


A few further pomts may be noted in connection with the annexed Tables of 
Analysis and Curves :— 


The average ratio between albuminoid nitrogen and “vaygen absorbed” in the eight 
chance samples of sewage is 1: 10°3, and in the three sets of hourly samples 1:10°9; 
but in the chance samples this ratio is very uneven, while in the hourly it is very even. 
That it should be so uneven in the chance samples is not surprising, seeing that they 
were partly crude, partly screened and precipitated, and partly screened and settled. 


1. The ratio between organic nitrogen and “ oxygen absorbed” in the hourly samples 
is distinctly lower than in the case of the Nottingham sewage, viz., 1 : 5-6, though this 
figure is itself rather higher than in the purely domestic sewages of Beddington, 
South Norwood, etc. The presence in the sewage of the oil already referred to has 
no doubt something to do with this. 


2. The hourly samples still contained small but appreciable quantities of nitrate 
when analysed, which indicates the presence of subsoil water. 


3. Excepting in the case of the very dilute sample, No. 233, the curves for the 
total nitrogen and the organic nitrogen corresponded well, while the albuminoid 
nitrogen and organic nitrogen curves followed one another very well indeed, the 
organic being nearly twice the albuminoid. 


Again, the organic nitrogen as determined by Ayeldahl (a) with reduction, and 
(b) without reduction agreed fairly well, but the latter was in most cases the lower. 


4. In the screened and settled sewages, the ‘oxygen absorbed” curve is of the 
same type as the various nitrogen curves and follows them very satisfactorily ; in 
the screened and precipitated sewages, the “oxygen absorbed” is relatively much less 
than before, but the curves still follow one another fairly ; and even in the crude 
sewages there is a partial agreement between these curves. | 


5. The similarity between the curve for ammoniacal nitrogen and that for 
chlorine is very marked in all the samples excepting No. 95; but when the chlorine 
curve is compared with the total nitrogen curve, it is seen that sometimes the one 
predominates and sometimes the other, though the types of curve are the same. 
Without, however, knowing something about the quantity of chlorine in the subsoil 
water, it is difficult to draw any accurate deductions here. 


6. The saspended sods were Somewhat coarse for a settled sewage. 


The ratios between the suspended solids (a) estimated gravimetrically, and 
(b) volumetrically by centrifuge, are wonderfully constant in the hourly samples, 
the average being 1: 6°4; and the same thing applies to the ratios between the 
cellulose and the suspended solids, the average figure being 1:6°6. In this 
screened and settled sewage, therefore, the centrifuge test (which can be carried 
out in a few minutes) would evidently give a valuable indication of the quantities 
both of the suspended solids themselves and of the cellulose in these solids. 


Ist Field Efluents. (Diagram No. 38.) 


Eight of these were examined, one of them (No. 226) after incubation. The 
numbers of the samples were 994, 1014, 94, 98, 226, 228, 236, and 2388. The 
first four were drawn in June and July, 1900, and the last four in February and 
March, 1901. Nos. 994 and 1014 were from chemically precipitated, 94, 98 
and 236 from crude, and the other three from settled sewage. Again, Nos. 99a, 
1014, and 98 were partly surface and partly filtration effluents (this has been 
explained in the Engineering Report) ; Nos. 94, 226 and 228 were filtration effluents ; 
while Nos. 236 and 238s were surface eftluents only.* 





* The temperatures of the various efiluents, however, when drawn, do not agree with this classification 
(surface or filtration), which must therefore be taken as being merely approximate, owing to the difficulty 
of the point. ; 


j 
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These effluents were yellow in colour and either opalescent or turbid, some with 
little or no suspended matter, but two with much, viz., Nos. 226 and 28 36; the 
reaction was alkaline, or neutral to alkaline. They ‘contained much lime and much 
sulphate in solution. The last five had a fishy-earthy smell when analysed, excepting 
No. 226, which had no smell. 


The variations in temperature in those effluents, according to the season, were 
very marked. Thus the four drawn in summer varied between 13:8° and 18°8° C. 
(57° and 66° F.), while those drawn in winter or early spring had temperatures 
between 2°2° and 61°C. (36° and 48° F.). The extremes, therefore, were 2°2° and 
18°8° C. (36° and 66° F.). 


The amounts of total nitrogen in these varied very much, from 2°04 in 
No. 226 to 9°08 in No. 236, the average being 4:77 ; but there were too few analyses 
made of each class of effluent to allow of any discrimination in this respect between 
surface and filtration effluents. Oddly enough, the total nitrogen curve almost 
coincides with the “oxygen absorbed” curve, which is very curious, while the 
ammoniacal nitrogen and albuminoid nitrogen curves are also in agreement with both 
of these. 


The two curves for the organic nitrogen are somewhat irregular as compared with 
the albuminoid nitrogen curve. There is a fair agreement between the two Kjeldahl 
methods for determining organic nitrogen in five analyses out of seven, neither method 
being however quite satisfactory. 


The chlorine curve is very erratic. { 

In the case of these effluents, Mr. Scudder’s incubator permanganate test was in 
one case /ess stringent than the incubation test as judged by smell; this is the opposite 
of what is usually the case in land effluents. 


Three or four of these effluents were of surprisingly good quality, withstanding 
as they did the incubator test, and containing (for a Ist field effluent on somewhat 
heavy land) comparatively little organic nitrogen. The two effluents from chemically 
precipitated sewage (Nos. 994 and 1014) were both bad, but this may have been a 
coincidence. Five out of the eight effluents contained considerable amounts of nitrate. 
Speaking with reserve (because of the small number of analyses), the February and 
March effluents were better than those of June and July, although the latter were 
very much more free from suspended matter. 


But, taking these effluents all over, one treatment on the Rugby farm soil is not 
sufficient for the purification of the sewage. 


2nd Field (i.e. Final) Efuents. (Diagram No. 39.) 
These were all Surface and Filtration Effluents. 


Nineteen were analysed fully, and two partially, and eight of the nineteen samples 
were also examined in duplicate, after mercury-jointing or incubation. 


Those 21 effluents, drawn in the months of February and March, June and July, 
varied in temperature between 0°6° and 211°C. (33° and 70° F.), the second highest 
temperature being 17°7°C. (64° F.). These are very great variations. 


The following figures show some of the more important average analytical Beats 
from the examination of 16 to 19 effluents, details being given in the annexed Tables 
of Analysis and Curves -— 


Average. 

Total Nitrogen (1°39 to 2°96). - - - - - - - 2°31 
Ammoniacal Nitrogen (0°97 to 2°84) - . - 1°62 
Albuminoid Nitrogen (0:08 to 0°39) - - - - 0-18 
Nitric + Nitrous Nitrogen together (0°0 to 1°59) - - - 052 
“Oxygen absorbed” from permanganate at 26°7°C. (86° aes Aq 

4. hvurs (0°72 to 2°16) - - . - - | | 
Incubator Test (as judged by smell) - - - . -  75°/, passed 


(20 samples tested.) 
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One of the effluents was colourless, but most of them had a faint yellow to 
brownish tinge, the colour being due to organic matter. They contained but. little 
flocculent suspended solids (four tests were made with the centrifuge); in solution 
there was much lime and much sulphate. The smell, when the effluents came to be 
‘analysed, was usually earthy or a mixture of fishy and earthy, and the reaction was 
alkaline. 


As will be seen from an examination of the analytical tables and the curves, the 
effluents drawn in February and March, 1901, kept very even in quality, and may be 
classed as fair. Those drawn in June and July, 1900 (five out of six of these being 
effluents from chemically precipitated sewage applied to the land) were mostly bad. 
These latter were hardly stronger than the others as regards total nitrogen, but the 
amount of oxidisable matter present, as measured by the “ oxygen absorbed” test, was 
greater in their case. | 


When the effluents were analysed, the dissolved oxygen in the five summer 
samples from chemically precipitated sewage (Nos. 96-104) was practically mi. In 
No. 106, on the other hand (the summer sample of effluent from sewage not chemically 
treated), the dissolved oxygen was very high, although there was no reserve of 


nitrate. (These oxygens were boiled out.) 


In the spring samples the dissolved oxygen was only moderate in amount (from 
1 to4c.c.), but it did not appear to be taken up at all rapidly between the time of 
drawing and the time of analysis—-a very good sign. (These effluents being more or 
less coloured, however, would tend to make the readings of the copper chloride tubes 
too low). 


The amounts of free carbonic acid in the three samples of final efflttent which 
were boiled out (Nos. 96, 100, and 108) were moderate (29c.c. to 35c.c¢.), a tolerably sure 
indication of a surface effluent. But there was a large quantity of combined carbonic 
acid in the two samples tested for this (Nos. 102 and 104), showing the presence of 
considerable amounts of alkaline earth bi-carbonates. 


The Ammoniacal Nitrogen in 19 samples of eftluent ranged from 0°97 to 2°81, the 
average being 1°62. Two-thirds of the whole nitrogen present (not a large quantity 
altogether) was thus in the form of ammoniacal nitrogen. 


The Albuminoid Nitrogen in 19 samples of effluent varied from 0:08 to 0°39, 
the average being 0°18; while the “oxygen absorbed” in 16 samples ranged from 0°72 
to 2:0, average ta 


The average ratio of Albuminoid Nitrogen to “ Oxygen absorbed” from permanganate 
in 4 hours, after allowing for nitrite, was in sixteen effluents 1:8. Eight of the sixteen 
had ratios of 1:6 and 1:7, while the other eight varied between 1:8 and 1:10. 


As regards incubation, 10 out of 19 effluents were condemned by Mr. Scudder’s: 
incubator permanganate test, while nine passed it*; on the other hand, five were. 
condemned by the incubation test as judged by smell, while 15 passed it. This shows 
that for the Rugby 2nd Field and Final effluents Mr. Seudder’s test is much the 


more stringent. 


The total nitrogen in these effluents was not great, varying between 1°39 and 2°96, 
with an average of 2°31; it was very constant in the different effluents, taking them 


all over. 


The total organic nitrogen, as determined (a) by Kjeldahl, with reduction, appears: 
to be no greater than the albuminoid nitrogen in about half of the samples examined. 
Even allowing for some errors of analysi§ this is very curious, for, if in the main 
correct, it indicates that the albuminoid nitrogen is to a great extent the measure 
of the organic nitrogen in the Rugby final effluents—a conclusion which is opposed 








* Unfortunately in thg earlier samples the amount of nitrite remaining after incubation was not noted, 
and its oxygen equivalent could not therefore be deducted from the “ oxygen absorbed” figure found. But. 
in the cases where there is any doubt in the matter (really only in Nos. 2260. and 2340, I have given: | 
Mr. Scudder’s incubation test figures the benefit of this doubt and marked the samples +. 
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to that arrived at from the effluents of the other farms visited. Hence one feels 
hesitation in accepting it, and it would be interesting to pursue the point further. 
(>) The determination of organic nitrogen by Kjeldahl, without reduction, was also 
very unequal in the results which. it gave. 


Almost all the Rugby effluents contained small amounts of nitrous nitrogen (from 
0:01 to 0:08 parts). And, if we leave out of account the first set of samples drawn in 
1900, and the two last ones drawn in February, 1902, the nitric nitrogen in the others, 
though never very large in amount (maximum 1°6), was always sufficient to leave a 
small reserve after incubation. | 


The ratio of oxidized to unoxidized nitrogen (taking the unoxidized=1) varied 
between 0 and 1°61, 7.¢., in no case was it high. Out of 19 samples examined, all 
those with a ratio from 0:04 to 1 kept good on incubation, as judged by smell. (This is 
an indirect corroboration of the apparently abnormal results with organic nitrogen, 
though too much weight must not be laid upon it.) Mr. Scudder’s incubation test 
condemned the samples with the highest ratios here, so it is obviously not applicable 
to these effluents. Probably a “safety limit” ratio of 0°25 : 1 would be sufficient. 


Again, the ratio of oxidized to albuminoid nitrogen (taking the albuminoid=1) 
varied in the 19 effluents between 0 and 17:5. According to the incubation test as 
judged by smell, any ratio above that of 0°36:1 is sufficient. But if we reject the 
sample which gives this abnormal figure (No. 100), probably a safety limit ratio of 
2:1 would suffice here—a very low ratio. 


The effect of incubation upon the ammoniacal and nitric nitrogen in seven Spring 
samples of the Rugby 2nd field effluents is shown in the following table : 








No. OF SAMPLE -, - - 225 226 226c 229 230 232 234¢ 








Ammoniacal Nitrogen : 
(a) Before incubation — - 2°10 1:08 1°64 1°65 1:44 TN] 1:05 





(b) After Ke © 2-42 1°68 1°75 1°93 | 1-44 1°12 | 1°30 


Nitric + Nitrous Nitrogen: | | 
(a) Before incubation - | 0°54 0°82 0°41 0°62 0°87 0°67 | 0°86 
| 





0°66 

















(b) After sts - 0°06 0:27 0°0 0°33 0-41 0°66 





The decrease in nitric nitrogen was thus in no case very striking, though it was 
rather too great in No. 226. 


The chlorine curve in these effluents was, as one would naturally expect, distinctly 
higher in summer than in spring, and it follows the “oxygen absorbed” curve fairly 
well. It will be noticed that, excepting in the summer samples, this chlorine curve is 
distinctly lower than that given by the hourly samples of sewage, this being evidently 
due to the spring rainfall. 


To revert again for a moment to the somewhat uncommon system of land treat- 
ment followed at Rugby, the following efiluents may be approximately compared with 
one another as showing the purification effected in this way :— 


No. 994 (ist Field effluent) and No. 100 (Final effluent); in this case a good final 
purification has resulted. 


No. 1014 (ist Field) and No. 102 (Final); purification only moderate, the final 
effluent not being good. 


No. 228 (1st Field) and No. 229 (Final) ; purification fair. 
No. 236 (1st Field) and No. 237 (Final and General) ; purification excellent. 


No. 2388 (1st Field surface effluent) and 258c (Final and General); the former 
was already well purified for a Ist Field effluent, and, excepting in the matter of aera- 
tion, no further improvement is manifest in the final one. 


: 
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In conclusion._—For 2 farm which must depend mainly upon surface irrigation 
over a stiff soil, the Rugby High Level farm treats a very large volume of a strong 
sewage—about the same volume per acre of irrigable area as Aldershot Camp 
although the aggregate amount of organic matter at Rugby is rather less (compare 
Diagrams Nos. 3 and 4). The somewhat unusual method of treatment has been _ 
already referred to. Although the results obtained from the examination of the 
second-field effluents at Rugby are in several respects contradictory, it will be seen” 
that the farm is capable of producing a fair effluent of very even composition in 
spring; but, as regards summer, if our (comparatively few) summer samples can be 
taken as a general criterion of the working of the farm during that season, the area of 
land which is allowed for sewage then must be smaller than at other times of the- 
year, for it was obviously insufficient. The mechanical analysis of the surface soil | 
showed it to be more of a clay than it was origmally thought to be, but the gravel 
“nockets” which occur in the clay subsoil no doubt to some extent assist the 
purification of the sewage by the filtration that takes place through them. The 
relative number of particles in unit weight of the ignited soil is 392, and in 
unit volume 456, the numbers in the Nottingham soil being taken at 100 in both 
cases. (Compare Conclusions , page 303, and also Section upon Soils, page 275.) 


Percentage purification as calculated on the Aliuminoid Nitrogen and the “ Oaygen 
absorbed” in four hours. 


(1.) Albuminoid Nitrogen. 


8 chance samples of sewage (differently treated) gave (0°40 to 2°84) - 1°49 
3 sets of hourly samples of screened and settled sewage gave 
(1°56 to 1:80) ne. - Gee +) neh at Gamer bee ose een 
19 Second Field Effiluents gave (0°08 to 0°39) - = olla : - 018 ; 
The percentage purification therefore was :— 
On chance samples - : - - : : : - 2S 7+ Oa a 
On hourly samples - : - area : See u(rs BBO Oy 


(2.) “ Oxygen absorbed.” | 


8 chance samples of sewage ‘differently treated) gave (3°55 to 33°31)- 15:0 | 
3 sets of hourly samples of screened and settled sewage gave | 
(17°55 to 19°18) 8 
16 Second Field Effluents gave (0°72 to 2°16) - ‘ . : - 141 
Percentage purification :— 
On chance samples - ; ; : : ; - } - 90°6°/, 
On hourly samples - : - - - - : : = 5) 92:4 Sig 


Note.—- Although the percentage purification works out almost the same on the chance samples of 
sewage as on the hourly samples, no weight can be laid upon this for the reasons already given (p.218). 


Comparison of the Total Nitrogen in the Sewages and Final Effluents. 


The average total nitrogen in 3 sets of hourly samples of sewage was 
5 ®. = 


(9°39 to 9:99) : - ; - : : : ie O65 
The average total nitrogen in 19 Second Field Effluents was 
(1°39 to 2:96) —— - : : : : - : : - ~ ON 237 


As already stated in the Engineering Report,* there is now not much subsoil water 
on the farm. So if we disregard the subsoil water on the one hand, and the los 
py evaporation on the other, something like one-fourth of the total uitrogen of th 
sewage finds its way into the river. 


Note.—-The figure for the average total nitrogen in the 8 chance samples of sewage was 9°95. 









* Part IV.: Engineering and Practical Report. 
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Water from the River Avon, with and without admixed effluent. (Diagram No. 40.) 


Eight samples altogether were examined, three of them in duplicate after jointing 
or incubation. Of these, Nos. 105, 1054, and 2304 were drawn above the farm 
effluent outfall, while Nos. 107, 108, 2268, 2344 and 2884 were taken below it. At 
the same time it will be seen from Mr. Kershaw’s Notes on Samples* that the Low 
Level farm effluent discharges into the river about two miles above the point where 
sample No. 105 was drawn ; in other words, every sample of river water taken at the 
High Level farm contains the effluent from the Low Level one. No. 107 (river water 
after mixing with High Level farm effluent) was drawn to correspond with No. 105, 
and is, in fact, the better sample of the two; while No. 108, drawn 250 yards lower 
down than No. 107, is to all intents and purposes the same as the latter. The remaining 
samples, drawn in spring, only required to be partially analysed. 


The various samples were almost clear and nearly colourless (excepting that 
Nos. 2304 and 2344 were rather cloudy, from_the river having been in flood when 
they were drawn), they contained small but appreciable amounts of suspended 
matter, were alkaline in reaction, and had much lime and a considerable amount of 
sulphate in solution. The smell was in every case clean, though tending to a fishy 
odour in Nos. 105 and 107. 


Speaking generally, so far as non-putrescibility was concerned, no fault could be 
found with the river water, and, moreover, the samples maintained their aeration 
fairly well upon incubation. As regards the amount of nitrogenous matter present, 
the river was, for a non-drinking stream, on the whole in a fair condition, but in the 
summer sample, No. 105, there was a large quantity of oxidizable matter in the 
samples, as indicated by the “ oxygen absorbed” test. Considering the normal ratio 
of river water to High Level farm effluent (20:1), this is a clear index of a large 
quantity of effluent entering from the Low Level farm, or of some other polluting 
liquid getting into the river, which has, however, sufficient volume to keep quite 
sweet. 

Notes.—(1.) It will be observed that the curves, excepting those for the dissolved oxygen, are pretty nearly 
all straight lines. 


(2.) The determination of organic nitrogen in these river water samples was much better carried out 
by the Kjeldahl process without reduction than by the other. 


Street Washings. 


No. 231 was a sample of street washings taken from a surface water drain at 
Rugby on March 4th, 1901, at.a time when the street was very clean from heavy 
showers. Thissample was very turbid and brown, with a large amount of gritty sedi- 
ment, but comparatively pure as regards organic matter, and capable of withstanding 
the incubator test. 3 


Water from Well on Sewage Farm. 


Two samples of water from a well on the High Level farm (Nos. 237 and 239, 
drawn in February and March 1901) were analysed, the second of them in duplicate 
after jointing with mercury. The results are more than usually interesting, because 
the land is sewaged to within 40 feet of the well. 


The water was clear, bright, colourless and without smell, and it was from a 
chemical point of view organically pure, although the large amounts of chlorine and 
nitric nitrogen in it show that the water itself is in all probability derived from the 
sewage of the farm, which has, however, undergone a most efficient oxidation and 
filtration. The duplicate sample, No. 239, jointed, retained its dissolved oxygen very 
well over a period of nine months, showing that little or no fermentable organic 
matter was present. At the same time it is hardly necessary to say that the above 
results must not be taken as pointing to the advisability of sinking 2 well in the 
middle of a sewage farm. 


* Part IV. : Engineering and Practical Report. 
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RUGBY HIGH LEVEL 





TABLES OF ANALYSIS. 
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RUGBY SEWAGE FARM, 1902. 


Hourly Sewage Samples drawn in Equal Quantities per Hour. 





No, OF SAMPLE - < * 2 


NATURE OF SAMPLE - 3 ; 








Rainfall while samples were being 
drawn. 


Analysed - - - - - - 





472 
SCREENED AND SETTLED 
SEWAGE, 24 Hours’ 
Sample. 





473 
SCREENED AND SETTLED 
SEWAGE, 24 Hours’ 
Sample. 





0:0" 


From Monday, 17th Feb- 
ruary 1902, 12 noon, to 
18th February, 11 a.m. 


19th February 1902. 


0:07 


From Tuesday, 18th Feb- 
ruary 1902, 12 noon, to 
19th February, 11 a.1m. 


20th February 1902. 





474 


SCREENED AND SETTLED 
SEWAGE, 24 Hours’ 
Sample. 





0:0” 


From Wednesday, 19tk 
February 1902, 12 noon, 
to20th February, lla.m. 


21st February 1902. 





Parts per 100,000, by weight. 
Ammoniacal nitrogen (by distillation) 


-Albuminoid - - - - - 
Nitrous = - : 7 E 
Nitric PA - - - - 


"Total nitrogen by Kjeldahl, with re- 
duction. 


a Sa 
“*X” nitrogen - - - - - 


‘Organic nitrogen by Kjeldahl, with 
reduction. 


‘Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once. 


after four hours. 


2? 2) 22 


«Chlorine - : . = - - 


‘Total solids (gravimetrically) 
‘Solids in suspension ,,  - 2 eee 


‘Solids in solution .,, — - ye 


Cellulose (still containing fat), by ex- 
traction with alkali and acid alone 


(a). 
Cellulose by alkali, acid and ether (6) 


from (a) - - - 


Grit - - 
| from (b) - - 


Parts per 100,000, by volume. 
Solids, by centrifuge - - a tae 


Remarks - ~ - - = = 


5°74 
1°80 
0:05 
0:23 
9°57 
(0°45 in 7:44) 
1: 


a | 
ou 


or 
Or 


4°11 
18°58 
9°36 
71°8 volatile 
140°6 
68°8 non-volatile - 
if 42°2 volatile - 
50°6 
{ 8:4 non-volatile - 
‘29°6 volatile : 
90:0 ; 
60:0 non-volatile - 


20°96 


7°88 
5°12 


5°04 


345°0 
(4 minutes). 


Brown and turbid, with 
very considerable dark 
brown sediment. 


| Slight urine smell. 


Alkaline. 

General solids up _ to 
0°94 m.m. in length. 
Fibre (not much) up to 
166 m.m. Hair (very 


little) up to 1°04 m.m. 





6°46 
1°72 
0-03 
0-24 
9:99 
(0°45 in 7°75) 
1:54 
3-26 
3°89 
19-18 


10°14 


( 77°8 volatile - - 
143°8- 
| 66-0 non-volatile - 


(ite volatile - - 
48 °4 
f 4°0 non-volatile - 


( 33°4 volatile - 
95°4 
| 62-0 non-volatile - 


Not done. 


310°0 
(3 minutes). 


Brown and turbid, with 
about the same amount 
of dark brown sediment 
as No. 472. 

Hippuric acid smell, 

Alkaline. 

Solids up to 3°64 m.m. 

Thes were much 
coarser than in 472.) 
Fibre up to 1°87 m.m. 


0-05 
0°33 
9°39 
(0°45 in 7°31) 
3 
2°87 
3°90 
17°55 
10°46 
65°6 volatile. 
137°2 
71-6 non-volatile. 
32°2 volatile. 
43-0 
10°8 non-volatile. 
33°4 volatile. 
94°2 
60°8 non-volatile. 


12°96 


5°88 
3°84 
3°96 


2580 
(3 minutes). 


Turbid and brown, with 
very considerable dark 
brown sediment. Smell 
of cattle urine. 

Alkaline. 

Solids up to 0°57 m.m. 

Fibre up to 0°73 m.m, 

Hair up to 1°66 m.m. 
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RUGBY SEWAGE FARM, 1900. 
Chemically Precipitated Sewages with Effluents. 



















































96 $9 
No. OF. SAMPLE - : : % 95 AEE — — 
SCREENE SECOND DUPLICATE SCREENED a 
NATURE OF SAMPLER ‘rogh HLTA ) ee ceamairey FIELD EFFLUENT, SAMPLE. AND CHEMICALLY | 
PREUIPITATED corresponding PRECIPITATED 
SEWAGE from Tanks| to Sewage No. 95. SEWAGE. 
‘AW é a . | Wednesday, 20th | Wednesday, 20th ——— Wednesday, onth | 
Drawn - = = yee 1900, 11.15 | June 1900, 12.15 June 1900, 12 | 
a.m. ae noon. ae: ae C86 Ry 
Temperature of sample - 150° C. (59° F.) 21°1° C. (70° B.) Rs (6 ; a | 
Temperature of air - 20°6° C. (69° F.) 20°0° C. (68° F.) ; 14-4° C. (58° F.) +t 
If jointed or ineubated - poy ne — 
Analysed -~— - : ate 2ist June 1900. 21st June 1900. 6th July 1900. 28th June 1900. 
Parts per 100,000, by weight. fe 
Ammoniacal nitrogen (a) by direct 2°39 1°48 — 9°72 
Nesslerization. bs 
Ammoniaceal nitrogen (b) by distillation 1°95 1°38 — ll is 
Albuminoid nitrogen - - -— - 0°40 0-23 ' ‘ie 
Nitrous eo : : : : None. Trace. — None. 
Aitiria iY ely fed Not done. None. —— Not done. 
Total nitrogen by Kjeldahl, with re- 2°80 174 vo — = 
ion (after nitrit rrection). : Be i 
Bee le aa, eee Pao ey (0-19 in 2°71) me (0°19 in 10°50) | 
Correction for nitrite -- = - None. None. pai > None. % 
‘<< Xx’ nitrogen, ()- ge Sie hecag he 0°45 O13 ae 12 7 
it 
Organic nitrogen by Kjeldahl, with 0°85 0°36 alae _ 2°99 : ' 
reduction. A a 
. 
Organic nitrogen by Kjeldahl, without a | 
reduction : a 
(a) Taking ammonia by direct 0°62 0:29 + al 413 ~E 
Nesslerization. ; | 
(b) Taking ammonia by distillation 1:06 0°39 —— 2 64 
Oxygen absorbed from permanganate 
at 26°7° ©. (80° F.); atonce - — - 0°94 0°51 0°18* 3°34 
De as . after four hours 3°55 1°95 pos 16°13 
Oxygen absorbed from permanganate 
by sample incubated for five Baye 
at 26°7° C. (80° F.) ; at once a 0°40 —— ee 
fi Seta ss after four howrs = 1-60 — — 
Smell after incubation- - -~ - ees A Sewage smell. —-: — 
Chlorine - - : - 8°98 9°94 —— 18°30 , 
Gases: Parts per 1,000, by volume. 
Carbon dioxide (free) - - - - Samal 34°59 — —. 
Oxygen (boiled out) - = ~- - 2 ees 1°37 — ——— 
Nitrogen - - . - = E — 12°53* —— — ts 
; 
Remarks ‘ . : 5 2 - | This sample con-| This effluent came|The  flocculent | This contained muck 
tained a moderate | from surface treat- | matter was| sediment for oe 
amount of brown} ment over rye| now nearly! precipitated sey 
and grey floccu- | grass. It was yel-| black, and the| age. Ro 
lent deposit. | low, only slightly | liquid clear, spas 
Strongly alkaline. opalescent, and; with only a 
(It contained a| with a small slight yellow 
little admixed | amount of brown- nee The “= 
field effluent). red floceulent eerie was a 
matter. Slowly | smelling dis- a 
alkaline. Clean,| tinctly, so was a 
earthy smell. AJ not further . 
great deal of lime| analysed. 
and much sulphate : e 
in solution, but| * Very low 3 
only a_ trace of figure. 
iron. The colour 
: therefore must a 
/ have been due to \ | 
organic matter. = | 


* Very low figure. 
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RUGBY SEWAGE FARM, 1900. 
Chemically Precipitated Sewages with Efffuents. 





z 

' 99a 100 
FIRST 7 FIELD FINAL 

_ EFFLUENT EFFLUENT, 
(off Green Oats, off Rye Grass 
- just cut). (twice 














Wednesday, 27th 
June 1900, 1.15 
.m. 
72° ©. (63° F.) 
72 C. (63° F.) 


28th June 1900. 


, None. 
; 0-06 
4 0°74 
Fi 
a 
, 
BY 0-78 
0°94 
" ; 
S087 
4-11 
Fa 
« 
‘f 
2:00 
t 4:03 


Black, Smell of 
~ ammonium sul- 
} phide. 


This sample was 
very dim and 
only nei baa 


Satine inardly 
(brownish) 
Be cnlait mat- 
ter. Alkaline 
oni) so on 
iin Smell 
os 7a prob- 
of t u- 
tad Me ine 
and sulphate, but 
ticall no 
ron in solution. 





over Landa). 
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SCREENED 
AND 
CHEMICALLY 
PRECIPITATED 
SEWAGE. 


10la 


First FreLp 
EFFLUENT, 
off young Oats 
(just cut). 





Wednesday, 27th 
June 1900, 2.5 
p-m. 

15-0° C. (59° F.) 
5°6° C. (60° F.) 


29th June 1900. 





Monday, 2nd July 


1900, 10.30 a.m. 
14°4° C, (58° F.) 
18°9° C. (66° F.) 


ard July 1900. 





102 


FINAL 
SECOND FIELD 
EFFLUENT, 
off Rye Grass. 





103 





104 
FINAL FINAL 
EFFLUENT EFFLUENT 


FROM PRECIPT- 
TATED SEWAGE 


FROM PRECIPI- 
TATED SEWAGE, 


AND FROM FROM ; -4 
SAME SOURCE AS SAME SOURCE 
No. 102, AS No. 103. 


but 4 acre more 
of Oat Land 
was now in use. 








Monday, 2nd July 
1900, 11.30 a.m. 


18°9° C. (66° F.) 
14-4° C. (58° F.) 


3rd July 1900. 


Monday, 2nd July 
1900, 12.25 noon. 


17-2° C. (63° F.) 
16°1° C. (61° F.) 


4th July 1900. 








Tuesday, 3rd July | Wednesday, 4th 


1900, 12.15 noon. July 1900, 12 
| noon. 

17°8° C. (64° F.) 17-2° C. (63° F.) 

17°8° C: (64° F.) | 17°8° C. (64° F.) 


Jointed, 4th July. 


5th July 1900. 5th July 1900. 





Turbid. 
1:03 
O14 

None. 
0:05 
1°39 

(0°19 in), 2°21) 








9°55 
9°96 
1°65 
None. 

- Not done. 
12°40 


(0-19 in 9°19) 


3°91 
4°04 
0°72 
None. 
Not done. 
574 
(0.19 in 7°79) 


None. None. None. 
0°17 0°79 0:98 
0°31 2°44 1°70 
—— 3°62 Leh 
0:25 3°21 1°64: 
0:28 Bey, 1:04 
1°45 11°60 4°83 
0:05 — mes 
1:29 —— oat 

Sweet. —— — 
11°60 11°80 11°78 

29°15 —— ——— 

0:07 —. ——- 
14°66 —— ee 
This looked a| This contained 2| No notes were 


good effluent. It 
was ‘very clear 
and pale yellow 
in colour, with 
only a little red- 
brown fioceulent 
matter. Clean 
earth smell. 
Alkaline. A 
great deal of 
lime and _. of 
sulphate, but 
eae gat 
iron in solution. 


moderate amount 
of brown and 
white floccu- 
lent sediment 
(chiefly brown). 
Sewage smell. 
Strongly alka- 
line. 


made about this 
sample, but it is 


obviously very 
imperfectly puri- 
fied. 








None. 
None. 
2:96 


(0°19 in 4°49) 


2°64 2°54 
2°50 2°44 
0-19 0°39 
None. None 
None. None. 
2°46 pariy| 


(0°19 in 3°73) (0°16 in 4°15) 











None. None. None. 
None ( -- 0°12) None (-— 0°28) None (—0:04) 
0-27 0-19 0°39 
None (-0°12) ‘None (—0°05) 0:23 
0-20 None (-—0'14) 0°33 
0°28 0°26 0:36 
1-81 1°78 216 
0°21) six 0°35 0°66 
1-75 J Tavs. 2°47 2:88 
Putrid. Very putrid. Very putrid. 
10°98 9°86 11°66 
151-20 * 34°71 134°8] * 
0°05 0:12 0-23 
14°01 13°82 13°55 
This looked a/J| This looked good. | This again looked 
good effluent. | Clearandamber-| a very good 
It was clear andj coloured, with| sample, clear 
slightly yellow) only a small/ and of a_ pale 
in colour, with | amount of light-| amber colour, 
very little ‘(light- brown floceulent | with only very 
brown) floceu-| matter. Smell| little brownish 
lent matter. | doubtful. Dis-| sediment. Fishy- 
Clean, fishy- | tinctly alkaline. | earthy smell. 
earthy _ smell.| A great deal of | Slightly  alka- 
Distinctly alka- lime and much/| line (strongly so 
line. A great} sulphate, and! on warming). 
deal of lime and| apparently a| great deal of 
much sulphate trace of ferrous- |} lime, much sul- 
in solution, but | iron in solution.| phate, and a 


almost no iron. 


* Free and com- 
bined carbon 
dioxide. 








small amount of 


No. 103 iron in solution. 
Duplicate. | 
a * Free and com- 
Jointed 4th July, bined. 
Opened 17th July, 


when it was dis- 
tinctly putrid. 


No. OF SAMPLE - - - - 


NATURE OF SAMPLE - - - - 
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RUGBY SEWAGE FARM, 1900. 
Crude Sewage, with First Field and General Effluents. 


93 


CRUDE SEWAGE 
(not through 
tanks). 


| 


94 


First FIELD 
EFFLUENT 
(slight sewage 


smell when drawn). 


97 


| CRUDE SEWAGE. 


98 


First FIELD 





EFFLUENT, off | EFFLUEX 


Rye Grass, after 
3 days’ rest. 


| | 


oh a ee SS aoe 


Drawn - - - - - = 


Temperature of sample - - - 
Temperature of air - - - - 
If jointed or incubated - - - 
Analysed -— - - wale fe - 


Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization 

Ammoniacal nitrogen (b) by distilla- 
tion. 

Albuminoid nitrogen - : - - 


Nitrous * - : - - 
Nitric 3 - - - - 


Total nitrogen by Kjeldahl, with re- 
duction (after correction for nitrite). 
Blank - : = : . ‘ ‘ 


Correction for nitrite - 2 - - 
“X” nitrogen - - - - - 


Organic nitrogen by Kjeldahl, with 
reduction. 
Organic nitrogen by Kjeldahl, without 
reduction ; 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once - - 

5 ns » after four howrs 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 

» A} » after four hours 


Smell after incubation . 3 : 


Chlorine = = : : z 


Gases: Parts per 1,000, by volume. 
Carbon dioxide (free) - - = 


Oxygen (boiled out) - - + 


Nitrogen - 2 = ' 2 : 


Remarks - - 5 : ‘ °s 











Tuesday, 19th 
June 1900, 11 


a.m. 
13°3C. {565.2} 
20:0° C. (68° F.) 


20th June 1900 


9°99 
10°44 
1:97 
None. 
Not done. 
12°76 
(0°19 in 9°45) 
None. 
0°35 


2-32 


2°73 
2-28 


This sewage con- 
tained a moder- 
ate amount of 
brown and grey 
deposit. Strong 
sewage smell. 
Alkaline. 











Tuesday, 19th 
June 1900, 1 
p-m. 

15-0° C. (59° F.) 

Pie CALE) 


20th June 1900 





Monday, 


June 1900, 1.45 


-m. 


p 
13°3° C. (56° F.) 
20:6’ C. (69° F.) 


26th June 1900 





2°96 
2°92 
0°47 
None. 
0-07 
3°65 
(0:19 in 5°49) 
None. 
0719 
0°66 


0°75 


119 
4°62 


1°85 
5°49 
Putrid but not 


blackened. 
19°38 


Six 
days. 


This effluent was 
opalescent, with 
asmall quantity 
of whitish par- 
ticles in it. Dis- 
tinetly putrid. 
Reaction tend- 
ing to alkaline 
in the cold; 
alkaline on boil- 
ing. Much 
lime and much 
sulphate in 


solution, but 
practically no 
iron. 


7°41 
7°95 
1°54 
None. 
Not done. 
9°93 
(0°19 in 7°40) 


None. 





0-44 
1°98 


2°47 
1°93 


3°47 
15°43 


sewage smell. 





25th | Monday, 


June 1900, 3.15 
p-m. 
13:9) CASik.) 
14°4° C. (58° F.) 


26th June 1900 


1°38 

1°33 

0°53 

0°60 

1-04 

3°20 

(0°19 in 4°37) 

+ 0°32 


None (?) (—0:30) | None (?) 


0°53 (2) 


0°15 
0:20 


1:02 
Lost. 


0°36 

1:34 
Putrid. 

8°44 


61°78 
0:26 
18-92 


Light brown-grey | Decidedly opales- | Slightly 
deposit. Strong cent., 


cent, with a Jittle 
grey flocculent 
matter. Clean 
fishy - 
smell. Neutral 
in the cold; alk- 
aline on boiling. 
Much lime and 
very consider- 
able amount of 
sulphate in solu- 


tion, but hardly | 


any iron. 


tration F 


25th | Monday,9 











Note,—This is really a percolation 
effluent, i.e, the sewage on the | 
surface had not reached the pick-up 
drain when the effluent was drawn. 











GENE 
two fiel 


1900, 11, 
161° CL. 
20°0° C. ( 


of 
1. 


10th J 


i 
ut 
rm 
se | 


(0-16 in 


+ 0-02 


earthy | fi 
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RUGBY SEWAGE FARM, 1901. 


Screened and Settled Sewage with Effluents. 








RUGBY SEWAGE FARM, 1901. 


Screened and Settled Sewage with Effluents. 







































































No. OF SAMPLE- - - °° 224 225 225 226 
Ta darem OR RAEI SCREENED AND (GENERAL EFFLUENT. SMALL First EFFLUENT 
NATURE Oe SAMPLE Seren SEWAGE Does not DUPLICATE. from, 
(dilute). correspond exactly Arable Field 
to No. 224. (surface irrigation 
| and filtration). 
‘awn - s x : 2 : - | Monday, 18th Feb- | Monday, 18th Feb- — Wednesday, 20th 
Drawn aaty (001 4 p.m. ruary 1901, 5 p.m. February 190i, 
12 noon. 
Temperature of sample - - - 56° C. (42° F.) 3:3°-C,. (SS _ —— 2:2° C.. (36° F.) 
° N ° ni ea? °o 
Temperature of air - - - - 5°6° C. (42° F.) 4°4° C. (40° F.) —— 3°9° C. (39° F.) 
ae oh ah : 4 ; ie ——— Jointed and In- —— 
If jointed or incubated cubated, 20th 
February. 
Analysed - -  - - - + | 20th February 1901. | 20th February 190i. | 28th a) 21st February 1901. 
73 1901. 
Parts per 100,000, by weight. 2:83 . 
Ammoniacal nitrogen (a) by direct 5°37 (approx. ; turbid) — Turbid. 
Nesslerization. 
Ammoniacal nitrogen (b) by distilla- 5:06 2°10 2°42 1:06 
tion. 
Albuminoid nitrogen - . - - 0:94 jp O21 018 0°13 
Nitrous a - - - - None. 0:03 None. 0°13 
Nitric 5. - - - - Not done. 0°51 0:06 0°69 
Total nitrogen by Kjeldahl, with re- 6°67 2°91 — 2°04 
duction (after correcting for nitrite 
up to 226 C. inclusive). . 
Biank - - - - - - - (0'13 in 4-97) (0:20 in 4°44) ee (0°13 in 3°01) 
Correction for nitrite - - - - None. +0°02 _—— +0°06 
“X” nitrogen - - - - - 0°67 0:06 ae . 0:03 
Organic nitrogen by Kjeldahl, with 161 0:27 — 0:16 
reduction. » 
Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 0°76 — — _—— 
Nesslerization. : ; 
(b) Taking ammonia by distillation. 1:07 None (— 0°30) —— 0:24 
Oxygen absorbed from permanganate -|.- 
at 26°7° C. (80° F.); at once - - 1°73 0°34 0°31 0°52 
» 3 » after four hours. 9°47 1°56 ee 1°59 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - —— 0°31 oa 0°34 
*: “5 » after four hours. — 1°14  — 1°25 
Smell afterincubation- - - — - — Strong, earthy. No smell. Strong, but uae ta 
putrid. if 
Chlorine - - - - = e 9°54 





Parts per 100,000, by volume. 
Selids by centrifuge -  - - - — Below 10°0 —~ — 
(14 minutes). 

Gases: Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 


(a) When sample was drawn - Sa ———- — 1°75 






(b) 9 » ~~ analysed - None. com 1°80 


Remarks “ - E é 










For a sewage, a} Rather : turbid, | After ineuba- Opalescent, with al F | 
moderate amount} brownish liquid | tion the liquid] minute quantity of | 
of brown sediment. | (nearly elear wnen| was brownish! brown sediment. | 





athe sewagesmell.| filtered), with a] but clear, and| No smell. 4 
Alkaline. small amount of| withverylittle| Alkaline. ee 
brown sediment, dark - brown 
7 Earthy smell. sediment. 
Alkaline. No smell. 
Alkaline. 
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RUGBY SEWAGE FARM, 1901. 


Screened and Settled Sewage with Effluents. 





2262 - 

T GENERAL 

CATE _ EFFLUENT 
a over Arable and 


Rye Grass. 


Thursday, 21st 
February 1901, | 
11.15 a.m. 
2°2° C. (36° F.) 


1:77 G. (35° F.) 






ed and Jncu- 
d, 21st Feb- 





| 22nd February 
a el 


Turbid. 
1°68 
0-22 
— 0°07 
0:34 





2°23 


(0-13 in 3°33) 
—-+:0°08 
None (-0-08) 
0-22 


0°69 


0°34 
Paley 








Peek 5:43 
0-92 


Sweet. 


7°80 





4.5, 


: Two | 
3 of observers 
Opalescent, with 
a slight brown- 
ish tinge. Trace 
oi greyish. sedi- 

. ment. 





| 


























| 


This sample was 
fairly turbid and 
slightly brown. 

Not much brown | 

sediment. . 

















This incubated This was a very 





Earthy smell. 








Alkaline. 





Alkaline. 


sample was a turbid yellow 

clear, brownish liquid, with 

liquid, with a much brown 

small amount of seciment. On 

grey-brown sedi- the 26th, when 

- ment. | drawn, it was 

| Harthy smell. yellow and 
Alkaline. cloudy. 

| Strong fishy smell. 
| Alkaline. 








226¢ 2260 || «88 229 
GENERAL SMALL First FINAL 
EFFLUENT DUPLICATE. EFFLUENT EFFLUENT, 
| from same source off Arable Field | Arable and Rye 
as No. 226a (slight | (Filtration Grass. 
smell when drawn), Kiffluent). 
Wednesday, 22nd —— Tnesday, 26th | Tuesday, 26th 
_February 1901, February 1901,| February 1901, 
11.30 a.m. 10.45 a.m. 11.45 a.m. 
4:4° C. (40° F.) dies 44°C, (40° F.) | 5:°6°C. (42° F.) 
5+6° C, (42° F.) med 5-6° C. (42° F.) | 56° C. (42° F’) 
—— Jointed and In. | Bae aver 
cubated, 23rd | 
February. ) 
23rd February | 6th March 1901. | 27th February 27th February 
1901. 1901. 1901. 
aa oe 
at ce Turbid. O39 
1°64 175 . 217 1°65 
0-19 0-12 0-14 0°24 
0:05 0:05 0-38 0-01 
0°36 0:01 191 0-61 
Boiled. Not boiled 
2°10 2°08 —-- 4.92 2°49 
(0:20 in 3:23) —— (0°20 in 7°42) (0°20 in 3°86) 
+ ©:03 —-- None. None. 
None (—0°14) | } } 
Wone (Ose) | —— 0°32 None ( — 0°02) 
0°19 — 0-46 0-24 
Seek eee 0-61 None (-0:06) 
0°33 0°36 1°53 0-36 
Not done. a 4°10 14] 
0°33 — 0°86 0°31 
0°86 ee 2°60 0°88 
| Strong earthy. Earthy. | Strongly putrid. | Sweet. ° 
| 
4 Bes | 9:22 9-92 
—— os 720. 50 
| | 
4-0 | Asie | 0-25 25 
1(2'8 Two f Not done. Ex-| Not tried on 27th|f 10 approx. | 
\3:0f observers | | hausted,no doubt) beeause of colour. | \ (Two observers) | 


This sample had a 


bluish tint and 
no smell when 
drawn. 


| On February 27th 
it was noted as 
an almost clear, 
colourless liquid, 
with practically 
no sediment, 

Fairly strong fishy 
smell. 

Alkaline. 











229 


SMALL 
DUPLICATE. 





Jointed and In- 
cubated, 27th 
February. 
18th March 1901 


i, (193 
0°12 
0-01 approx. 
0°32 


None. 
0°31 


Sweet. 


After incubation 
this was a 
slightly brown, 
clear _, liquid. 
Very little sedi- 
ment. 

Sweet smell. 

Alkaline. 


BY 
23 


RUGBY SEWAGE FARM, 1901. 
Effluents. 





— 


No. OF SAMPLE - - . 2 - 


NATURE OF SAMPLE - - - 


230 


FINAL EFFLUENT 
over Arable and Rye 
Grass after a storm, 








Drawn - - - 


Temperature of sample 
Temperature of air 


If jointed or incubated - 


Analysed - = : 


from same source Rye Grass. 
as No. 229. 
Wednesday, 27th —— Tuesday, 5th a 
February 1901, March 1901, 
11.40 a.m. 12 noon. 


5'6° C. (42° F.) 
67° C. (44° F.) 


lst March 1901. 


230 


SMALL DUPLICATE. 





Jointed and incu- 
bated, 28th Feb. 
19th March 1901. 





232 


232 


GENERAL FINAL] SMALL DUPLICATE, 
EFFLUENT 
over Arable and 





8°3° C. (47° F.) 
111° C. (52° F.) 


Jointed and ineu-| 
bated, 6th March. 


6th March 1901.| 18th March 1901. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. 


Ammoniacal nitrogen (b) by distilla- 
tion. 


Albuminoid nitrogen - - - 
Nitrous 


23 


Nitric 


39 


Total nitrogen by Kjeldaal, with re- 
duction (no correction for nitrite). 


Blank - s £ ; = . i 


“X” nitrogen - - - 


\ 
Organic nitrogen by Kjeldahl, with 


reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 


(a) Taking ammonia by direct 
Nesslerization. 


(b) Taking ammonia by distillation. | 


Oxygen absorbed from permanganate 
at 26°7° C (80° F.); at once. 
3 after four howrs. 


99 ” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - < 

kA after four hours. 


Smell after incubation - - 


” ” 


Chlorine 


Parts per 100,000, by volume. 
Solids by centrifuge . 


Gases: Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
(a) When drawn 
(b) 


analysed 


” 


Remarks 





f 





approximate 


oof 
“HY (very turbid) 


\: 


j 


1-44 
0-20 
0:05 


0°82 
Distilled 11th March 
2°39 
Distilled 25th March 
2°44 
(0°21 in 3°71 and in 
j 3°79) 
None (—0°12) 
None (—0:07) 
0°20 (2) 


None. 
None (—0°40) 
0°34 
1°47 


0°45 
1-25 


Sweet. 


58°18 


10-0 


0°4 | Lwo =) 
05 f observers f 


This was a slightly 
turbid brownish 
liquid, with not 
very much brown 

_ sediment. 

Rather fishy smell. 

Alkaline. 


1°44 


0:09 
None. 


0°41 


—— 


Faint earthy. 





Brown after incuba- 
tion, with a small 
amount of aggre- 
gated brown sus- 
pended matter. 

Faint earthy smell. 














Turbid. —— 
1:17 1712 
0-11 0:09 
0:08 9:07 
0°59 0°59 
2-07 — 
(0°13 in 314) Pa: 
0-12 Sem , 
0°23 a | 
0°45 — } 
0°16 031 
1-05 —— 
0:24 ees | 
1-06 — |, 
Sweet. Earthy. F 
6-52 aes s 
‘ 
ee setae ' 
\ 
| 4 
C] 
16 
es — i 
oat. WV 
+ | cbsecea ie 
‘ t oF 
fins - 
Rather cloudy | After incubation this | 
when drawn.| was clear, with alt 
On 6th March | brown tinge. The} 
brownish, with| suspended matter | 
a very small| had aggregated to} 
amount of] one small dark- | 
brown  sedi- | brown piece, about | 
ment. one-eighth inch in] 
Earthy smell. diameter. 
Alkaline. Earthy smell. 
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RUGBY SEWAGE FARM, 1901. 
Effluents, with one Sample of Crude Sewage. 





4233 


3¥EN 
| vaaa 
CRUDE SEWAGE 
before 
| passing through 
Tanks (oily film on 
| surface ; 
dilute from rain). 


234 


GENERAL 
EFFLUENT 
over Arable and 
Rye Grass, 
corresponding 
to Sewage No. 233. 








234b 


GENERAL 
EFFLUENT 
oyer Arable and 
Rye Grass. 


234c 


GENERAL 
EFFLUENT 


Rye Grass, 
from same source 
as No. 234. 








Wednesday, 6th 
March 1901, 11.15 


a.m. 
8-3° C. (47° F.) 
50°C. (41° F.) 


7th March 1901. 


Wednesday, 
March 1901, 12°45 
Noon. 
5°6° C. (42° F.) 
5°0° C. (41° F.) 


7th March 1901. 





3°85 
3:32 
0°84 
0°08 
Not done. 
5°92 
(0°13 in 4:43) 


1°68 
2°52 


1°57 


2°36 
15°06 





{Reddish brown, with 
a good many tea 
leaves (of which 
the large pieces 
were kept out of 
the analysis). 

Soapy—not sewage 


should have been 
tested for in this 
sewage. 


Turbid. 
| 0:98 
0°11 
0:03 


1°56 


Distilled 20th March 
2 . 


“a 


Distilled 
2 


nd oO 
(0°20 in 3:99 and 4°00) 


None (- 0°11) 
None ( — 0°09) 
0-11 (?) 





0°16 
0°84 


0°28 
0°92 


Strong but sweet. 


7:00 


Mere trace. 


Two 
observers 


3°5 ) 
a7 f 


5 _ 
Oth Mareh 


6th | Thursday, 7th 
March 1901, 
10.45 a.m. 


4°4° C. (40° F.) 
5-0° C. (41° F.) 


8th March 1901. 


Friday, 8th March 
1901, 11.5 a.m. 


5°6° C. (42° F.) 
5:0° C. (41° F.) 


9th March 1901. 


over Arable and | 


| 
| 


i 








234¢c 


SMALL 
DUPLICATE. 


234d 


GENERAL 
EFFLUENT 
over Arable and 
Rye Grass. 





Jointed and incu- 
bated, 9th March. 
22nd March 1901. 





9th 
1901, 


Saturday, 
March 
11.50 a.m. 
5:0° C. (41° F.) 
5°0° C. (41 F.°) 


llth March 1901. 





Turbid. 
0:97 
0:08 
0°04 
1°36 


2°75 
(0°13 in 4:12) 


\ 0-30 
0°38 


0°33 
0°15 
0°72 


0°31 
0-96 
Sweet, earthy ; 
0:03 to 0:04 nitrite 
nitrogen. 
6°80 


Three 


f 3°75 \ 
\. 3°70 J observers 


This had a faint] This was slightly 


yellow colour 
when drawn, and 
caused brownish- 
black swirls in 
the river just on 
leaving the efflu- 
ent outfall. On 
7th March it was 
brownish and 
slightly turbid, 


but with no sedi- 
ment and only a 
small amount of 
brown matter in 
suspension. Faint 
fishy smell. 





brownish and 
opalescent, with 
only a very small 
amount of brown 
sediment. Earthy 
smell. A very 
large amount of 
lime and_ also 
much sulphate 
in solution, but 
no iron, or prac- 
tically none. 


Turbid. 
0°99 
O11 
0°05 
0°84 

1D 


(0°20 in 3°31) 


0-13 
0°24 





| 0:20 


0°19 
1:08 


Sweet. 


5°80 


Two 
observers 


f 32) 
30 J 


Brownish and 
rather turbid 
liquid, with a 
very small 
amount of dark 
brown sediment. 

Earthy smell. 

Alkaline. 








| 
| 





1-05 
0°06 
0:03 approx. 


0°83 


Sweet. 


i 
J 


Not done. 


Clear and colour- 
less, with one 
small aggregate 
of light brown 
sediment. 

Sweet smell. 


Alkaline. 


tity 


of brownish 


Turbid 
1°30: 
0:09 
0-01 
0°65 


2°08 
(0°13 in 3°15) 


0:03 
0°12 


O17 
0-13 
0°85 


as A ey | 
0°92) days. 
Sweet; 0°01 to 0°02 
nitrite nitrogen. 


6°84 


3°25 \ | Two 
3°4 Jf observers. 


When running into 
the brook this 
caused the same 
discoloration of 
the water as No. 
234. It was clear, 
with a slight 
brown tinge, and 
a minute quan- 

sediment. 


Earthy smell. A large amount 
of lime and a considerable or 
large amount of sulphate in 


solution. 


No iron, or prac- 


tically none. 





6225, 


& Gre 
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RUGBY SEWAGE FARM, 1901-2. 
Effluents with one Crude Sewage. 










> 
a 
















































7 | a et 
— 
No, or Span - - - WES =| 235 236 237 238 
LE - 3 2 -| Crupm Sewace .| First EFFLUENT | FINALGENERAL| FINAL GENERAL | 
Nana | (not Settled). off Arable and Rye, EFFLUENT EFFLUENT 
i.¢c., Surface Effluent (twice (twice over Land), 
| over one Field. over Land). 0 
| “een ad) 
Drawn - : - - - - Monday 11th Mar. | Monday 11th Mar. | Monday 11th | Wednesday, 13th 
1901, 11.10 a.m. 1901, 12.30 noon. March 1901, March —_1901, 
1,15 p.m. 11.20 a.m. "ts 
Temperature ofsample - - -; 7:8°C. (46° F.) 56° C, (42° F) 61°C. (48° F.) | 67 C. (eR) 
Temperature ofair - -  - : 5:6" C. (42° F:) 67° C. (44° BF.) 78° C. (46° F.) 3°3° C. (38° F.) | 
[f jointed or incubated x rete ean — — ale We ot | oe | 
| eee 
Analysed - : : 4 y - | 12th Mareh 1901. | 12th March 1901. | 13th Mar. 1901.| 14th Mareh 1901. 
i mer) ‘nti 
Parts per 100,000, by weight. gud 
Ammoniacal nitrogen (a) by direct 9°55* Turbid. Turbid. . Turbid. q 
Nesslerization. ie 
Ammoniacal nitrogen (b) by distilla- | 9°37 6°82 : 1:57 1-57 ' 
tion. ‘- sre 
Albuminoid nitrogen - - - - 2°84. 1:07 0°13 0°15 
Nitrous ” - - - - | None. 024 0-01 0-03 
Nitric 5 ss - - - | Not done. 0-50 U'37 Cea 0: ity 
Distilled ( 3 
Total nitrogen by Kjeldahl, with re- | 14°94 9:08 2°20 26th March, 
duction (no correction for nitrite). | ; ; Hitt hy, B22 : 217 
Blank, - Ae .- - : - - (0°13 in 10°97) | (0°20 in 6°86) (0°13 in 3°33) (0°20 in 3:46) 
| Be Si 
“X” nitrogen - - Bee Me - 273 0-45 012 None (— 0°01) 
Organic nitrogen by Kjeldahl, with 5°57 1°52 0°25 0-15 
reduction. ~ i ae) 
Organic nitrogen by Kjelilahl, without | 
reduction ; / 
(a) Taking ammonia by direct 3°74 == pine 
Nesslerization. 
(b) Taking ammonia by distillation. 3:92 — 0°35 
Oxygen absorbed from permanganate 6°51 2°43 0°30 
at 26°7° C. (80° F.) ; at once. 
» » » after four hours. 33°31 9°70 Lost. 
Oxygen absorbed from permanganate | 
by sample incubated for five days 
at 26°7° C, (80° F.); at once. — 5°31 0-24 
53 55 as after four hours. sie > 8-95 0:86 
Smell after incubation Si pate : m3 Strongly putrid. | Sweet; 0°02 to 
0°03 parts nit- 
rite nitrogen. 
RISES. ie ee eee eae 12-72 10:40 7-08 
Parts per 100,000, by volume. | " aa: a, 
Solids by centrifuge — - - 5 + | 130-0 No sediment. 4 
Gases: Parts per 1,000, by valume. : 
Oxygen (by cuprous chloride) : | ' 
(a) When sample was drawn ait aes None. 4°25 
I > ” Aire } is - , oge Ov . Two 
(b) , analysed - | desta > 3 7 { Shsenraie 
Remarks 9- | -)// -..- =H Very considerable | Very turbid yellow | When drawn, |,Li 
| brown sediment. | liquid, witha con- | this sample | broy 
| Sewage and | siderable though:| was clear and 
paraffine smell. | not very large | withoutsmell. 
Alkaline. amount of sedi- | On13th March | 
2 ment (partly fibres | it was clear, 
|“ Theeqnivalent of | and roots). Very | with a brown- r 
0°125 ¢.¢. was | strong fishy (not | ish tinge, and| low. I thit 
| taken. sewage) smell. | aminutequan-| must have 
Alkaline. There | tity of brown | some “X” x 





ye F were large quan-| sediment. | here. — 
ra tities of lime and sulphate in solu- | Slight earthy fi 
tion, and, I think, a little iron. smell. 


Note.—When this was drawn on 
ae hence it had a strong sewage 
smell. 


OA SRE RC I ENR rE ee ch, PORES SAREE SA JSON NNR. fea SHOE —- 
ee ai = 















238b 


First FIELD 
EFFLUENT, 
4.€., Surface Effluent. 


238¢ 


FINAL GENERAL 
EFFLUENT, 
twice over Land, 
corresponding 
to No. 238b. 
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Effluents. 


238¢ 


SMALL DUPLICATE. 


RUGBY SEWAGE FARM, 1901-2. 





At ; ) SRY 





SURFACE SURFACE 
AND FILTRATION | AND FILTRATION 
( EFFLUENT. EFFLUENT. 





| Thursday, 14th March 
» 1901, 11.5 a.m. 


6-19-Ci (43° Fi) 
50° C. (41° F.) 





15th March 1901. 





| Thursday 14th March 


1901, 11.45 a.m. 
56° Cy (42° F.) 
pO; @. (41° 3) 


15th March 1901. 


Jointed and Incu- 
bated, 15th March. 
22nd March 1901. 


Monday 17th Feb. | Wednesday 19th Feb. 


1902, 12.30 noon. 1902, 11 a.m. 
06> G.a(33° F.) 0°6° C, (33° F.) 
bi6y GC. (42° EB.) | acor Caa(3e. Bi.) 


18th February 1902. | Opened 24th February 
1902. 





‘ 

Turbid. 

: 1-04. 

0-12 

0:04 

| 0-81 

| 2-21 

(0-20 in 3°44) 
0-21 


—— 


0°33 


None (— 0°35) 


Ee 


0-41 
119 


a 


.| 0-04 
4 0°57 
| Strong, but not putrid. 


7°40 


Too little sediment to 
centrifuge. 


: | None. 

b 

! This sample was cloudy 

| and had a sewage 

| smell when drawn. 
On 15th March it was 


| He fairly turbid brown 
liquid, with only a 


small amount of. 
_ greyish - brown sedi- 
ment and two small | 
‘| ‘pieces of weed of 
| some kind. Fishy 
| smell. Alkaline. 











Turbid. 
1:39 
O14 
0:03 
O73 
2°33 

(0°16 in 3°54) 
0°04 
0:18 


0-19 
0:28 
1:13 


0°30 
1:27 


Strong, but sweet; 
0:01 or 0°015 nitrite 
nitrogen. 

Tao 


Clear and odourless 
when drawn. On 

- 15th March it was 
bperonent, with a 
slight. brown tinge 
and a minute quan- 
tity of brown sedi- 
ment. No smell. 
Alkaline. : 











Sweet. 


After incubation this 
liquid had a very 
slight brown tinge. 
Only two small 
pieces of aggregated 
brown — sediment. 
Sweet smell. 





0-01 aS 


0-15 








Mere trace. Distinctly mene 
less than 1:0 c.c. 


This effluent was | When opened, this was 
cloudy when drawn, smelling. 
and on 18th Febru- Not analysed 
ary contained a | 
small but appre- 
ciable amount of 
floceulent matter. 








238 


RUGBY SEWAGE FARM, 1900-1901. 
River Water alone and admixed with Effluent. 





No. OF SAMPLE - : ° . E 


NATURE OF SAMPLE - - - 


Drawn - - - > : : > 
Temperature of sample - - 

Temperature of air - ° : : 
If jointed or incubated : . : 


Analysed = - - - : E e 


Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. me 
Ammoniacal nitrogen (b) by distilla- 

tion. 


Albuminoid nitrogen - - - 
Nitrous - - - - - 
Nitric 4 - <a se - 


Total nitrogen by Kjeldahl, with re- 
duction (after nitrite correction). 
Blank - - - - - - - 


Correction for nitrite - - - - 
“X” nitrogen - - ; - - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation. 
Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once. 
+ after four hours. 
Oxygen absorbed from permanganate 


by sample incubated for five days 
at 26°7° C. (80° F.); at once - = 


after four hours. 


99 99 


99 


Smell after incubation - - 


39 be) 


Chlorine - - - 


Parts per 100,000, by volume. 
Solids by centrifuge — - - 


Gases ; Parts per 1,000, by vol une. 
Carbon dioxide (free) 
Oxygen (boiled out) = - 
Oxygen (by cuprous chloride) : 
(a) When drawn - E 4 , 


(b) 


Nitrogen - - - - 


analysed - 3 2 


> 


Remarks : : = s E 


rc 


Sn SE EE Se wR A 


105 


RIVER WATER 
ABOVE 
EFFLUENT OUTFALL, 
River very low but 
Bed clear. 





Monday, 9th July 
1900, 11 a.m. 


16°1° C. (61° F.) 
17°8° C. (64° F.) 


llth July 1900. 


Turbid 





0°04 
0°04 
0:03 
0°28 
0°36 
(0°19 in 0°68) 
+0°02 
None (-—0°03) 
0:04 


O-1l 
0°66 
1°46 


0°35 
1°04 
Sweet. 


105 


DUPLICATE 
SAMPLE. 


Jointed, 10th July 


17th July 1900 


Turbid. 





0°01 

0:04 

None. 

0°27 

0:29 
(0°16 in 0°58) 

None. 
None (— 0°03) 

0:04 


0:09 
0°32 
1:08 


0°09 
0°53 
Sweet. 





2-42 





95°48* 
4°04 


14°64 





Almost clear and 
colourless, but 
with an appreci- 


lost. 


A small bubble of 
gas at top of bot- 
tle, some water, 





able quantity of 
rather large grey- 
black __ particles. 
Fishy-earthy 
smell. Strongly 
alkaline. A great 
deal of lime in 
solution and a fair 
amount ofsulphate, 
but no iron, or 
practically none. 
This bottle had a 
bad stopper. 


* Free and 


bined. 


com- 


A ES ERS SS 2 NN 


as usual, having 
pushed through 
themercury. This 
last week was very 
hot. Water clear, 
but for some rather 
large black and 
brown particles. 
Fishy-earthy 
smell. Alkaline. 





Gases unfortunately } 


105a 


RIVER WATER 
ABOVE 
EFFLUENT OUTFALL. 
Drawn by Farm 
Manager on 20th July 
presumably. 
This Sample was 
meant to replace 
No. 105 Duplicate. 


a (a 


Jointed, 21st July 


30th July 1900 





\ 0-21 
21:33 

2:6 

*11°59 

Since 2lst 


weather had been 
for most part very 
hot. A moderate 
sized bubble at top 
of bottle. Water 
clear and _ colour- 
less, but for a 
few brownish and 
black \specks. 
Smell quite sweet. 
Distinctly alka- 
line. Much lime. 
Considerable  sul- 





107 


. RIVER WATER 
AFTER MIXING WITH 
EFFLUENT. 
Drawn 80 yards 
below Junction. 









9th July 1900, 11.30 
a.m. 


161° C. (61° F.) 
17-2° C. (63° F.) 


lith July 1900 


Turbid. 
0:09 
0°05 
0°03 
0:23 
0°33 
(0°16 in 0°61) 
+002 
None (—0°07) 
0:05 


0-12 
0°34 
0°60 


0:22 
0°52 
Sweet. 
2°90 


28°30 © 
5°64 


14:20. 


July | Clear and_ bright, 


with but very little 
brown matter (in 
smallish particles), 
less than in the] 
brook water alone. | 
Fishy-earthy 
smell. Distinetly | 
alkaline. A great 
deal of lime, and 
a considerable 
amount of sulphate 
in solution. 
Note.—The stop- 


phate. Practically | per of this bottle 
have 


no iron. 


* Exceedingly low 


figure. 


might been 


better. 


rh 
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RIVER WATER 
AFTER 
MIXING WITH 

_ EFFLUENT. 

Drawn 250 yards 

lower down than 
No. 107. 


th July 1900, 12 
noon. 


161° C. (61° F.) 
17-2° C. (63° F.) 


12th July 1900. 


Turbid. 
0:07 
0:05 
0°04 
0:23 
0°37 
(0°19 in 0°69) 
+ 0°02 
None (— 0°02) 
0:05 


Turbid. 


0°33 
0°63 


0°26 
0-77 
| Sweet. 
| 2°74 


*96 02 
5°01 


13°73 


Clear, and with 
only a_ slightly 
_ browner tint than 
tap water. Com- 
paratively few 
specks of red 
_ brown flecculent 
- Inatter. Clean 
smell. Alkaline. 


Much lime and 
considerable sul- 
_ phate. 











RUGBY SEWAGE FARM, 1900-1901. 
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River Water alone and admixed with Effluent. 








238a 





























226b 226b 230a 230a 234a 
SMALL SAMPLE SMALL RIVER WATER SMALL RIVER WATER. RIVER WATER 
; OF DUPLICATE. ABOVE DUPLICATE. Drawn 80 yards CONTAINING 
RIVER WATER EFFLUENT | below Effluent EFFLUENT. 
AFTER OUTFALL. Outfall. Drawn 10 yards 
MIXING WITH | below 
EFFLUENT. Effluent Outfall. 
Drawn 200 yards 
below Outfall. 
Thursday, 21st Feb, — Friday, lst March — Wednesday, 6th | Wednesday, 13th 
1901, 11.30 a.m. 1901, 11 a.m. Mar. 1901, 12.50} Mar. 1901, 11.30 
noon. a.m. 
22° C. (36° F.) == 5°6° C. (42° F.) a 4°4° C, (40° F.) 6-1° C. (43° F.) 
Iie Cs(359 F.) sean 8:9° C. (48° F.) — 5:0" C. (40° F.) 3°3° C, (38° F.) 
ae Jointed and incu- as | Jointed and incu- | Jointed and incu- | Jointed and ineu- 
bated 22nd Feb. bated ; presum-| bated, 7th Mar. bated, 14th Mar. 
ably on 2nd Mar. 
22nd Feb. 1901. llth Mar. 1901. | 2nd March 1901. | 9th March 1901. 21st Mar. 1901. | 25th March 1901, 
— —— Turbid. — a — 
0:07 aa 0:02 | —— 0:03 — 
0°04. a 0:03 ee 0°03 — 
} 0-32 None. Mere trace. \ #094 Nong None. 
0°31 0:23 0:40 0°37 
eee es Aes 0°35 | ie 1 8) i Ss LUBE Oo 
ee — (0°20 in 0°71) ee — — 
See — None. —- — sae 
aie tS. 0:07 eee pein! eg f282 8 
ee eekeae 0°10 ass — esas 
0°04 aa 0:06 mee 0:07 Too small to esti- 
mate. 
arte == Not done. — os eB 
casas — None. — ees —— 
Ae 2 BS 0°30 ——_ oa ———— 
aS — Sweet. —= = ares 
ee Se 9-52 ee Pao, see E =. 
ae apes Not enough sedi- | —— a = 
ment. | 
| | 
8:0 as | 6°5 — —— 6.25 
| F Two wf Two \ : “QR 
a2 80{ observers. } 67 \ observers. | f pis ee 


Clear, but slightly 
brown, with a 


little hght brown 


flocculent sedi- 
ment, No smell. 
The river was 
high at the time. 





| 


| 

| 

'*A very small 
bubble of air in 
tube. 


When drawn, this 


from flood water. 
On 2nd March it 
was slightly tur- 
bid and slightly 
brownish, with a 
a little brown 
sediment. No 
smell, Alkaline. 
A large amount 
of lime in solu- 
tion, but no sul- 
phate, or prac- 
tically none, and 
no iron. 





was rathercloudy 


This sample has 
retained its oxy- 
gen fairly. 


*Thenitrousnitro- 
gen in this was 
approximately 
0°03. 








The river was very | 


high and the 
water a cloudy 
blue when this 
sample was 
drawn. After 
incubation the 
sample was prac- 
tically — colour- 
less, with a con- 
siderableamount 
of dark brown 
sediment. No 
smell. Alkaline. 








River still fairly 
high when this 
was drawn. 


RUGBY SEWAGE FARM, 1901. 


Well Waters. Street Washings. 
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No. OF SAMPLE - - - - 


NATURE OF SAMPLE - : : 


227 


WATER FROM 
WELL ON FARM; 
to represent 
Subsoil Water. 
Well 20 feet deep, 
with 10 feet of 





1 
‘ 
. 


Drawn 
Temperature of sample 
Temperature of air - - - =) 


Tf jointed or incubated - - 


Analysed -—- S 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. eo. 
Ammoniacal nitrogen (b) by distillation 


Albuminoid nitrogen - 
Nitrous Bs - - - - 


Nitric = - - 


| 26th February 1901 


Water, 
| Monday, 25th Feb- 
ruary 1901, 12 
noon. 


7°8° C, (46° F.) 
10°0° C. (56° F.) 


239 


WELL WATER 
FROM FARM, 
Same Source as 227. 


14th 
10 


Thursday, 
Mareh 1901, 


a.m. 
7°80 C. (46° F.) 
4:40 ©, (400 F.) 


15th March 1901. 


239 


LARGE 
DUPLICATE. 


Jointed, 15th March 


1901, and kept for - 


nine months. 
16th December 1901 

















\ 


231 
STREET WASHINGS 
taken from a 
Surface Water 
Drain ; 
Street very clean | — 
from heavy showers.| 


Monday, 4th March 
1901, 10 a.m, 4+ 


3-90 C. (39° F.) 
6-10 C. (48° F.) 





To small to esti- 
mate. 
00008 


0:012 





None. 
This must 
4°53 be too 
low. 
5:03 } 





Total nitrogen by Kjeldahl, with re- 
duction (no correction for nitrite). 
Blank - - : - - - 2 


“X” nitrogen - - - - - 


Organic nitrogen by Kjeldahl, with 
reduction. 


Organic nitrogen by Kjeldahl, without 
reduction : 
(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°79 C. (80° F.) ; at once. 
after four hours 


Oxygen absorbed from permanganate 
by sample incubated for five days 


at 26°7° C. (80° F.); at once - - 


+P) 33 2? 


after four hours 
Smell after incubation 


Chlorine 3 s = iE E P 





Parts per 100,000, by volume. 
Solids by centrifuge  - - 


Gases: Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 
(a) When sample was drawn 


(D) Feces WIM seinallysed. 2 


Remarks : £ P : Y 





| 


SE a RN ner 


(0.13 in 7°43) 
9 


» 


0-006 


Too small to esti- 
mate. 
0:13 





0°04 seven 
0-09] days, 
No smell. 


9°90 





(2) 4°25 | 


{ e Bi2\o) Tse 
3°0 J observers. 


This well was sunk 
into the lias clay. 
The sample was 
drawn from the 
pump after three 
minutes pumping, 
It was — clear, 
bright and color- 
less, with no smell. 
and contained | 
only two or three | 
minute brown par- 
particks. ‘ 

*A small bottle- 
ful, transferred 
and ineubated til] | 
9th March, gaye | 
2°8 ¢.c., oxygen. 





Too small. 


0.0004 
0012 


None. 

f Probably 
4°96 too 

| low. 

5°34 
(0°16 in 7°91) 

2 


? 


0°042 


Too small. 


0°13 


0:07 
0°14 
Sweet ; no nitrite. 


10°16 


3°0 


3°25\ Two 
3°35 f observers. 
Clear, bright, and 
colourless, with a 
few small rather 
flocculent whitish 
particles. Slight 
earthy smell. Al- 
kaline. An exces- 
sive amount of 
lime, and a large 
amount of  sul- 
phate in solution. 


ES Se 








5°35 
5°59 


(0°26 in 4°34) 
? 


2 


0-06 
0:23 


0:06 
0°12 


No smell; no nitrite. 


Be Three 
3-0 observers. - 
Clear, bright, and 
colourless, with 
very minute brown 
sediment. No 
smell. Alkaline. 
This water ap- 
pears to have 
undergone little 
or no change in 
these nine months; 
doubtless, how- 
ever, the above 
reading» for dis- 


solved oxygen is | 


rather high, from 


the standard 
tubes having 
weakened. — 






















0°38 

(0-20 in 0°76) 
0-13 
0-28 


0-24 


0°66 
1°83 


0°54 
2°81 
Sweet. 


None, 
trace. 


or merest | 


91-0 


Not done because 
of sediment. 
ma = a! 
There was not much | V 
vehicular traffic on | 1 
this street. The |. | 
sample would in- | 
clude water from, 
the front roofs of | 
houses. 5 7 4 
This sample was |. 


filtered), yd 

large amount of | 

gritty sediment. 
No smell. 


Diagram N37 | 


RuGspY SEWAGE FARM. 
SEWAGES. CURVES. 
CHANCE SAMPLES. Huurry SAMPLES. 
JUNE & JULY (900. -FEBSMARCH,I901. FEBRUARY,19C2. 
A = Gas 


95 99 10! 93 97233 235 224 472 473 474 
S&S SxS. Sas. S&S. 





N° Sore Sera Sera C, G Cc. (oe 
Ppt? Ppt? Ppt? 






| 
| 
re 


cee 











\ 
| 
le 
We 
| 
| 















































——- 

















































































































N° 95 99 101 93 97 233 235 224 472 473 474 


4332 B02. Weller& Graham .Ltd Litho, London 


Nature of Sewage 


C= Crude 
Scr&P'¢ =Screened. and Precipitated. 
S&S = Screened and Settled, 


REFERENCE 
Parts per 100.000, by Weight. 


Albuminota- Nitrogen._-_....Shewn thus ————— 


Organic Nitrogen hy Kjeldahl, 


With Reduclloni 23 ss = soe ee 
Organtc Nitrogen by Hyeldaht, 
without Reducttore,_---.-----—--..-.. -———— 
Ammoniacal Nitrogew. ee ts eae ane ————ae 
Lotal Nitrogen by kyeldahl, 
WIL ROAR OILON «yak oe eo coe 
Oaeygen absorbed: trom Permanganate 
at 26°7 C(80F) tr four hours.___.---- RE ao 
Chlorine (Combined) __..-----—. -------- > ame cee 
Solids tn Sispenston (Gravimetrically) 
(Scale divided’ by 10)-.. 22.00 moan — 
CLL BLO8 Oi) ke Oe eee A oh LEN eee 
Cellulose: (still containing Ce) eee PRE eae: 
farts per 100.000. by Volume. 
svlids i Suspenston (by Centritiige) i 


(Scale divided: by 70) 


Note 





| LRgures tr the Vertical Une. represent 


Parts per 100.000.” 


Figures tvthe Horizontal line represent, 
the taunbers of the. Samples analysed. 


A dotted line w used when there ts a 
break tn the curve. 








RuGBy SEWAGE Farm. 


18ST FIELD EFFLUENTS. 
CURVES. 


JUNE &JULY 1900 FEBRUARY & MARCH I90!. 
From preclpirared From Non- Precipitated Sewage 
Sewag 










994 [014 94 98 226 226 228 236 238° 


Incub® 
S+F StF F StF F F F Ss Ss 


















































& 





Note 

S= Surface £ffluent 
F =Filtration ” ” 
& , 
Incabated’ Indicates a sample, jointed’ and 
allowed to stand tor five days cr tonger ata 
temperature of 26.7°C (80°F) 

REFERENCE 

Smell of Samples when drawry Sheww tus 4-or— 


Incabation test: as yudged by Smell ae cae 


Parts per 1000, by Volume(C.C.perlitre) 


Dissolved Oxygers wher sample was drawn Shewn thas 


Dissolved Oxygen when sample was analysed 


Parts per 100.000, by Weight. 
Ammontacal Nitrogew. _.-_Shewn thas 


Total: Nitrogen by Kyeldahe. 
WIL LTO CLILOCL OTE Ee 


Mitric + Nitrous Nitrogen (together)_.-.—___— 


Ony ger absorbed from Permanganate- 





at 20°77 C(80 EF) wv four hours._------- 
Chlorine (Combined) _....---------------- ——— 
Albuminota@ Nitrogen. ----.-- Shewn thus ————~ 


Organic Nitrogen by kjeldahl, 
Nitti eda CLOW ooo eaten - eee 


Organic Nitroger by kjeldaht, 
without Redaction, .--------- -—------- om 





Note 
Figures tn the Vertical Une represent 
‘Parts per 100.000. 
Figures tutheHorizontal line represent 
the numbers of the Sanples analysed « 


A dotted line ts used when there 18 w 
break tn the carve - 


— 





Diagram W? 38 







a 


e 








a) fi f 
~ a ieetng 


4 
3 
‘ 

- 

’ 





ol 


Po 2 
hats 





me Rpt nies) 


ee ee ee a emp ong 


a 


Jee 










= 
the 
-_ 


Dragram N° 39. 








: ; Note , 
SEWAGE Farm. 2NO OO FiELD  EFFLUENTS. CURVES. S + Surtice Effluent 
* F = Filtration ay me 
” G=General ” ” 
D,JULY !9 . j Bre ” is : : 
ND. UL aoe Be FEBRUARY AND MARCH 1901. FEBRUARY 1902 Jointed Indicates a sample jounted) and 
a =< se Ne ya allowed to stand at laboratery temperatare 
© 102 103 104° 106 325 225 226° 226° 226°729 229 230 230 232 232 234 2348 234° 234° 234? 237 228 238° 238 ‘nS « ee Pe ne 
G G incudG G Incubt Incubd G incudd G ub? G G G IncubtG G 6 GG Incubé Ineabated Indicates a sample jointed: and 
8 F SaF S&F SaF SaF SaF SaF Saf Saf SaF SaF Sak Sak S&F SaF SaF S&F Sar S&F Sak SXF Sar Ser SaF SaF S&F SaF allowed to stand for five doys or longer ata 
| | temperature of 26.7°C (80°F). 





REFERENCE 
Smell of Samples when drawn Sheww thus + or— 


Scudder’ Preubation eat. ae me 
Incubation test as yadged by Sinell —_- — 














Parts per 1000, by Volume(C.C.perLitre) — 


Dissolved Oxygerv when sample was drawn Shemn this caa—_—m 








Dissolved Oxygen when sample was analysed aecemsensanising 























Parts per 100.000, ly Weight. 





ae Se 
i ae 
(JS RSE 








Ammoniacal Nitrogew. .---- Shown this 











Total Nitrogerv by HKgeldahtl, 
with Reductton. ..----------.----.-.. === 








Nitric + Nitrous Nitrogen (together). _———— 





«& 





Oxy ger absorbed from Permanganate, 
at 28°7 C(80 ER) in four hours. —------- ——— 


























Chlorine (Combined) ....- in eee ee 














Parts per 100. 000, by Volume. 


Solids tu suspension (by Ce 
f Sade ¢ dutidled & by 10) 











Purts per 100.000, by Weight. 


Albuminotd Nitrogen... Shevnhiswee 


Organic Nitrogen by Kjeldahl, 
with Reductions, ..22-224sa; eee 


Organic Nrtroger by Hyeldaht, 
without Reda ‘Lon, ...----..------------ 

















106 225 225 


Incub 


703 104 


pes 2 


) c D 
2 730 230 De 232 234 734° 234 7308 234! 27 «238 «238° 2386 “A “eB Note 
Incub? Incub? 


incub® Incub4 incuby 
_ Weller & Graham... Litho,London, Figur cath the. Vertical tne te hic 
‘Parts per 700.000.” 


Incub? 


figures uvthe Horizontal ine represent, 
he numbers of the Samples analysed, 


A dotted line is used when ther 
break in the curve. gh 





Diagram NW? Go. 


RuGBy SEWAGE FARM. 
RIVER WATER. CURVES. 














UULY 1900. FEBRUARY ano MARCH 1901. 
ee eee ft 
106 105 105 (054107 108 226% 2268 2304 2304 2344 2384 
fPlucat Jointed Jointed | ' Incubd 1 Incebs | 





_ a 
Ge eae 


eect 
inguapeeaeees 


eo) | IB 
Ea ie [at a 





Weller& Graham Ud Litho, Landon. 


Note 
‘Parts per 100.000.” 
Figures trtheHorizontavtine represent’ 
the numbers of the Samples analysed 


A dotted line is used when there ts a 
break tv the curve. 


Note 

ere, | Les ; ah : 
Jointed indicates a sampler jonted and 
alluwed to stand at laboratary temperatare: 


oe 


Incubuted Indicates w samplejointed and 
allowed to stand tor five days or longer ata 
temperature of 26.7°C (8C°F.) 


REFERENCE 
Smell of Samples when drawn Shewr dus + or— 
Scudder’s Incubation Test)--.---—--.---- ot is oe 
Incubation test as Judged by Smell 4. — 


Parts per 1000, by Volume(C.C.perLitre) 
Dissobd. Oxygere wher sample was drawn Shewn thus --—- 


Dissolved Oxygen when sample was analysed — 


Parts per 100.000, by Weight. 


Ammontacal Nitrogen. .:-.-Shewn thus 


Seeeiisneetemmeiesnaneieend 


Total Nitroger by hjeldahl, 
WEP LCE OLIL OLE 


Nitric + Nitrous Nitrogen (together). __.. === 


“Oxygen absorbed trom -Permanganate 


at 26°7°C(80F) tu four hours._------- bee 
Caine (iinbined)) sas tiue ee is oa. 
Albuminotd Nitrogen __.--..Shewn thus 


Organic.Nitrogen by Kyeldahl, 
wih Reduction. 


Orgarac Nitrogeru by Hjeldaht, 
without Redaction, -. -..------—--4---- 
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ANDOVER; Dr. POORE’S VILLAGE SYSTEM OF SEWAGE DISPOSAL. 





A visit was paid to Andover by Mr. Frye and myself on 30th September 1901, and 
Dr. Poore’s highly interesting system carefully inspected. By this plan the excreta 
and urine of about 100 people are collected daily in the early morning from the pails 
of 19 cottage privies, and the whole is immediately dug in under 6 inches of garden 
soil (for details see Dr. Poore’s book on the subject “The Earth in relation to the 
preservation and destruction of Contagia,” Longmans, 1902”; also his evidence given 
before the Commission, Vol. IT., p. 510, et seq.). 


We did not actuaily see this collection and digging carried out, but Dr. Poore 
assured us that it caused no offence whatever, provided it was done daily, as at 
Andover (Sundays excepted). The soil in the Andover garden is a deep loam 
(about 4 feet deep) overlying the chalk, and is therefore eminently suitable for the 
purpose in question. There was not the slightest smell or any unpleasantness at the 
time of our visit, and it was evident from the appearance of some patches of soil 
which the gardener dug up for us that the decomposition of the feecal matter was 
going on rapidly. 


Three-quarters of an acre of ground are available for 100 people, the land being 
used on a five years’ cycle, and cultivated well during the period of rest from 
manuring. About nine months are required to manure a plot of 10 rods area 
(say, vs of an acre.) It is of interest to note, from the point of view of utilization 
of domestic sewage, that the crops of fruit and vegetables grown by Dr. Poore in this 
way are phenomenal. 


Of course, as already stated, the garden soil at Andover is exceptionally well 
suited for the purpose. The weak point of the system would be shown by a long- 
continued frost rendering the ground too hard for cultivation; in such a case the 
excreta have to be collected into a heap admixed with ashes, and dug in later. 


No slop water is allowed to get into the privy pails. The slop water of each 
cottage, after passing through a small basket filled with straw, which retains the 
grosser solids, finds its way along a wide perforated half-pipe placed on the surface 
of the ground, into which it then sinks to the drains. This arrangement could 
not, of course, be carried out so easily on a stiff non-porous soil as on the porous 
soil with underlying chalk at Andover. 


In November 1901 a sample of well water from a shallow well in the middle of 
Dr. Poore’s garden was drawn in duplicate by Mr. Kershaw (see his Note on the 
subject).* A reference to the accompanying figures of analysis shows that this 
sample was found to be exceedingly pure, chemically. and to maintain its aeration after 
being incubated. Judging from this one sample, therefore, the well had not, from a 
chemical point of view, suffered any damage from the excreta daily introduced into 
the garden soil. (Mr. Kershaw notes that at the time when the sample was drawn, 
feecal matter was being dug in at a distance of about 50 feet from the well itself.) 
But this must not, of course, be taken as an argument for the advisability of sinking 
a well in ground near to which excreta are being disposed of. 





* Part IV.: Engineering and Practical Report. 





6225. Hu 





242 


WELL IN Dr. POORE’'S GARDEN, ANDOVER, 1901. 


(Dr. Poore’s Village System of Sewage Disposal.) 


kt 





No. oF SAMPLE - Z = £ 


NATURE OF SAMPLE - - - 


415 


WELL WATER 
FROM SHALLOW WELL 
IN 
Dr. PooRE’S GARDEN. 


415 


SMALL 
DUPLICATE. 





Drawn - - - - . - 
Temperature of sample - - - 
‘Temperature of air - - - - - 


If jointed or incubated - - - . 


Analysed 








Parts per 100,000 by weight. 
Ammoniacal nitrogen (by distillation) - 
Albuminoid nitrogen - ae ‘ 
Nitrous nitrogen - - - - - - 
Nitric nitrogen - - ; s ; 


Total nitrogen by Kjeldahl, with reduction 


Blank - 2 : k 2 : 2 


“XX” nitrogen - - - - 
Organic nitrogen - - - - - - 


Oxygen absorbed from permanganate at 
26°7° C. (80° F.); at once. 

a ae a after four hours. 
Oxygen absorbed from permanganate by 


sample incubated for 5 days at 26°7° C. 
(89° F.); at once. 


» ” ” after four howrs. 


Smell after incubation - - - - 


Chlorine “ 3 s = : : 


Gases: Parts per 1,000, by volume. 
Oxygen (by cuprous chloride) - - - 


Remarks-— - = : 4 2 : 3 








Wednesday, 13th November 
1901, 1.45 p.m. 


9°5° C. (49° F.) 
78° C. (46° F.) 


14th November 1901. 


0-0002 
0°005 
None. 
0°68 
Not tried. 


0-01 


0:06 
0-02 


ne } Two observers. 


Clear and colourless ; minute 
quantity of whitish sedi- 
ment, and one water flea, 
zs long. No smell. 
Alkaline. 





Jointed and incubated, 
14th November. 


3rd December 1901. 


i __ 








None. 
0°69 





Bey 
;  o3°7 +Three observers. . 
or. 


Clear and colourless, Very & 
slight amount of brown > 
sediment. No smell. 

! 

Note.—lt is of course difficult 
to say that these are abso- 
lute duplicates, so far as the __ 
oxygen is concerned. The 
standard tubes must at the 
time have been somewhat 
weakened, so that the read- 
ings, though strictly com- 
parable, were probably 
rather too high. 





SSS 
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DERBY COUNTY (MICKLEOVER) ASYLUM SEWAGE FARM. 


A few days were spent by Mr. Kershaw in June, 1901, at the sewage farm of the 
_ Derby County Asylum, Mickleover, with the object of studying and drawing samples 
from a clay farm with a shallow surface soil. It will be seen from his Report that the 
depth of this stiff clay soil is only 3 to 4 inches, and that drains are laid in the clay 
subsoil at a depth of about 3 feet 6 inches. For details see the Engineering Report 
itself (Part IV. : Engineering and Practical Report). 


The average dry-weather flow of sewage appears to be somewhere about 30,000 
gallons, and as there is a population of 800 to 1,000, this gives 30 to 38 gallons per 
head ; in addition, the liquid manure from the farm-yard is run on to the land from 
another outfall sewer. The whole irrigable area is 55 acres; hence (apart from the 
liquid manure) there are only 16 persons per acre of irrigable area, and only 530 gallons 
of sewage treated per acre, on the assumption—for purposes of comparison—that each acre 
is sewaged continuously all the year round. My. Kershaw, however, states in his Report 
that only about one acre at a time was being sewaged during his visit, z.e., the 
particular acre for the day was taking 30,000 gallons of sewage, an excessive amount 
for land of such quality, especially as the farm is drained, and the sewage partly finds 
its way into the drains through cracks. On the other hand, the long rest which the 
land is allowed between two successive sewagings must result in the storing up of 
nitrate, which will then become available for the purification in the next sewaging. A 
reference to the analytical figures given by the various effluents examined bears out 
this conclusion. 


Sewage.—Only one sample of sewage (No. 295) was examined. It was not par- 
ticularly strong, so far as nitrogenous matter was concerned, but the 4-hours “ oxygen 
absorbed” figure was excessively high in proportion. The centrifuge figure for solids 
was also high. 


Efiuents.—Six samples of effluent were examined, four of them in duplicate, and 
in some respects these were interesting. 


No, 296 contained far more suspended solids (as measured by the centrifuge) than 
an effluent should do, and yet it was otherwise of fair quality, remaining sweet upon 
incubation without having exhausted much of its reserve of nitrate. Though little 
more than a trace of dissolved oxygen was present in it at the time of analysis, the 
figures for ‘‘ oxygen absorbed ” were by no means excessive. 


No. 297 gave a very bad analysis indeed, and yet it had a clean smell when 
analysed and contained sufficient nitrate to keep it sweet upon incubation. Besides 
_much other brown sediment, there were present in it pieces of straw up to half an inch 
in length, which had reached the effluent drains through cracks in the ground. 


No. 298, which was the same effluent as No. 297, but drawn 300 yards lower 
down the ditch, was of very fair quality and kept perfectly upon incubation, while still 
retaining a large excess of nitrate. No. 497, therefore, had deposited much of its 
suspended solids during its passage along the ditch. 


No. 299 was not by any means a good effluent either as regards suspended solids 
or organic matter generally, but it had no smell either when drawn or when analysed, 
and kept sweet upon incubation,—again because of its nitrate. 


No. 300 bore the same relation to No. 299 as No .298 did to No. 297, and the 
same remarks apply here as there, only in a lesser degree, for this sample (No. 300) 
had not settled so much of its suspended matter in the ditch. 


No. 301 was a very fair sample, taking it all over. 


It is worth noting that the nitrite was always higher in the duplicate incubated 
samples of these effluents than in the original ones. 

Speaking generally, therefore, the above effluents were better chemically than 
they looked, but the system on which the sewage was purified was faulty. The effluents 
really required to be run over a second piece of undrained land in order to filter off 
the matter in suspension. It would be interesting to have a few further samples 
from Mickleover during winter weather, when there would be less nitrification going 
on in the soil. 
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DERBY COUNTY (MICKLEOVER) ASYLUM 
Sewage and Etluents. 





No. OF SAMPLE - - - 


NATURE OF SAMPLE - - - - 


295 


CRUDE SEWAGE 
(soapy and milky- 
looking). 


J 





296 


EFFLUENT, 
corresponding to 
Sewage No, 295. 

(Turbid, but no smell 
when «drawn. ) 





296 


SMALL 


DUPLICATE. 





Drawn - - - = 


Temperature of sample : - : 
Tcmperature of air 
If jointed or incubated 


Analysed 








Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. 


Amiosiacalnitrogen (b) by distillation 
Albuminoid nitrogen - 

Nitrous nitrogen - - 

Nitric nitrogen 


Total nitrogen, by Kjeldahl, with re- 
duction. 


Blank . Se tte as Bid: Serr aaah 
<«X” nitrogen = - - 


Organic nitrogen, by Kjeldahl, with 
reduction. 


Organi¢e nitrogen, by Kjeldahl, without 
reduction : 


Taking ammonia by distillation 
Oxygen aparlis from peniangancee 
at 26°7° C. (80° F.) ; at once 
sj . » after four hours. 


Oxygen absorbed from permanganate 
by. sample incubated for five days 
at 26°7-> U. (80° B.'s ationce “= : 

after four hours. 


39 9 ”? 


Smell after incubation - - 
Chlorine 


Parts per 100,000, by volume. 


Solids by centrifuge - -j 
Gases: parts per 1,000, by volume. 


Oxygen (by cuprous chloride) : 
When sample was analysed 


Remarks : ‘ F P 








| 


Tuesday, llth June 
1901, 10.55 a.m. 


17°8° C. (64° F.) 


14-4° C. (58° F.) + | 


Turbid. 


None. 


Not done. 


(0°24 


29°70 


(one 


Very milky in ap- 
pearance. Con- 
siderable brown 
sediment with 
white specks. 
Slight sewage 
smell. Alkaline. 


12th June 1901. 


Tuesday, 11th June 


1901, 


12 noon, 


100° C. (50° F.) 
144° C. (58° F.) 


12th June 1901. 





3°66 
1.20 


574 


in 9:00) 
0°88 
2-08 


6°50 


434 
minute). 


i 





Turbid. 
Dea 
0:18 
0-03 
ee 
2-49 


(0°34 in 4-40) 


Sweet ; 


0°30 


0°48 


O17 


0°65 
1°69 


0°47 
1°89 


about 0°43 


nitrite nitrogen. 


5°12 


65 


(one minute). 


About 0°5 


This 


sample 


was 


slightly brown and 


turbid. It 


con- 


tained a consider- 


able 


amount of 


light-brown sedi- 


ment, 
which was. 
tibrous 
Clean smell. 


among 
some 
matter. 
Als 


_kaline. 





Jointed and 


incu- 


bated, 12th June. 
19th June 1901. 


0-40 
0°15 
0-09 
1°31 


0°35 


Not noted, 
have been 
sweet. 


After 
this was a 


Must 
quite 


clear, 


almost colourless, 
liquid, containing 
some light-brown 


sediment. 
line. 


Alka- 











SEWAGE FARM, 1901. 


297 


FINAL EFFLUENT 
(dirty colour when 


a.m. 
10-0° C. (50° F.) 


drawn). 

x 
Wednesday, 12th 
. dune 190114115 

i 


13:3° C. (56° F.) 
a 


13th June 1901. 


Probably turbid. 
0°37 
0°56. 
0:07 
1°58 
3°30 
(0°24 in 5°28) > 
0-72. 
1:28 





1:00 


1:64 ci 
10:25 


Le69'eF: 

10°75 
Earthy ; quite sweet. | 
0°01 to 0°015 nitrite, 


nitrogen. 
; 6:14 


Not EERE he 
account of pe 


pieces of straw | 
present. 4 
None, or — very | 


slight trace. 


incubation | Turbid and brown, | 


with very much | 
brown and straw | 
sediment. Straws | 
-up to 4-inch long, | 
but mostly about | 
2-inchandsmaller. | 
These went thr ough 
eracks into the | 
effluent drains. | 


Clean smell. Alka- | 
line.’ | 





. 






































301 


EFFLUENT 
taken 600 yards 
below outfall. 








| Sweet ; 


Slightly 


| Thursday, 13th 


June 1901, 12 
noon. 

10°0° C. (50° F.) 
10:0° C. (50° F.) 


14th June 1901. 


1-09 
0-12 — 
0-06 
13 
23 


(0°34 in 4°63) 
0-23 
0°35 


0°41 
1°47 


0°46 
1°39 


about 
0:01 nitrite ni- 
trogen. 

212 


27 
(one minute), 


2°5 \ Two 
a observers 


turhid, 
but clearer than 
No. 300. Only 
slightly coloured. 
Very little sedi- 
ment. Earthy 
smell. 
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DERBY COUNTY (MICKLEOVER) ASYLUM SEWAGE FARM, 1901. 
Effluents. 

297 298 298 299 300 300 
SMALL SAME EFFLUENT SMALL FINAL EFFLUENT | SMALL 
[PLICATE. as No. 297, DUPLICATE, EFFLUENT taken 300 yards DUPLICATE. 

drawn 300 yards (cloudy when below outfall. 
lower down the drawn). 
ditch. 
— Wednesday, 12th ee Thursday, !3th Thursday, 13th aa 
June 1901, 11°45 | June 1901, 10,55 | June i901, 11.30 
a.m. | &.m. a.m. 

_ 111°C. (52° F.) ane 111°C. (52°F.) | 11-1°C. (52° F.) a heb 

—_ 13°3°C. (56° F.) | sais 8-9° C, (48° F.) 10-0° C. (50° F.) ee 
ed and incu- — Jointed and incu- — oo Jointed and incu- 
d,13th June. bated, 13th June. bated, 14th June. 
June 1901. 13th June 1901. 21st June 1901. 14th June 1901. 14th June 1901. 21st June 1901. 

| 

— Turbid. a Turbid. a — 

0°67 0°75 0°77 0°53 0-99 0°94 

0°63 0°13 0-11 0:28 0°25 0°15 

0:23 0°05 0°15 0°15 0:08 0°14 

Possibly 

0°38 1°55 1°31; a trifle too 2°48 2°19 (2) 1°31 

low. 

— 2°77 a 4.08 3°39 —— 

— (0°24 in 4°46) a (0°24 in 6°47) (0°34 in 5°87) — 

——— 0°29 — 0°64 ? — 

= 0°42 oe 0°92 ? — 

—- 0°25 —- 0°60 — —_ 

1°67 0°50 0°49 0°96 0°81 0°81 

— 1:59 —- 4°05 2°78 _— 

— 0°29 —— 0°69 0°85 Smee 

see 1°22 —— 2°44 2°59 == 
Earthy. Sweet ; 0°03 to a Sweet; 0°04 to 0-05 | Sweet ; about 0°01 Sweet. 

0°04 nitrite ni- nitrite nitrogen. | nitrite nitrogen. 
trogen. (a) (b) 

— 6°22 — 39°70 39°42 27°82 — 

12°3 — — 40 28°5 aoe 
e minute). (one minute). (one minute). 

15 Three : 
areca 1:0; different — { shah \ r ae 05{ ea } — 

1-1} observers. race J observers. observers 
y clear; li- | This was turbid, | Liquid — slightl | This sample was | Turbid brownish | Clear, slight] 
brown,even | with a slight | brown. Small | opalescent, with | liquid, with a| brown _ liquid, 
m filtered. | greenish  sedi- | amount of | greenandbrown | fair amount of | with a fair 
y much ment. Clean | greenish- brown | sediment. Clean | brownsediment. | amountofbrown 
wn suspen- | smell. Alkaline. sediment. Clean earthy smell. | Earthy smell. | sediment. No 
matter and It is thus earthy smell. Alkaline. The | Strongly alka- | smell. Alkaline. 
W. Earthy | obviousthat No. | large amount of | line. 
LL, 297 must have combined chlo- 





deposited much , 


solid matter in 
the ditch. 





rine is note- 


worthy. 











Strongly 


alkaline. 


~~ 


igeemeneeict 


i 
i 


ee 
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HEMSWORTH SEWAGE FARM, YORKSHIRE. 


As at Mickleover, Mr. Kershaw spent a day or two in June 1901 at Hemsworth 
Sewage Farm, Yorkshire, which affords another instance of sewage treatment on land 
consisting of a shallow surface soil overlying stiff clay. The farm has been fully 
described in the Engineering Report,* and as the whole conditions attending it at 
the time of observation were so unfavourable, it is unnecessary to add much here ; 
one or two of the notes made by Mr. Kershaw may, however, be shortly referred 
to again. 


The soil of this farm is only 14 inches to 2} inches in depth, overlying about 
6 feet of yellow clay, which rests upon boulder clay, but ashes have been dug into the 
beds (in which the farm is laid out) with the view of lightening the soil. The farm is 


underdrained at a depth of 3 feet. As was to be expected, the land cracks badly in 
summer. 


The average dry-weather flow of sewage, which may be taken as domestic, is 
about 70,000 gallons, ¢.¢., 22 gallons per head of a population of 3,000. The sewage 
is settled and also occasionally treated with alumino-ferric before being run on 
to the land, where it receives a double treatment, z.¢., over two narrow strips of soil 
(cf. Engineering Report for the passage of the sewage direct to the drains). 


The actual irrigable area being three acres (out of a total of four) each acre has to 
treat 7°3°° = 23,300 gallons of settled or precipitated sewage per day, under our usual 
assumption—/or purposes of comparison—that the whole area is under sewage all the 
year round. It is unnecessary to add that this is an altogether excessive amount for 
land of the above character. 


Only one sample of settled sewage, one of crude sewage, and two of final effluent 
were examined, the land from which the effluents were drawn being uncropped. The 
settled sewage was fairly strong and the crude distinctly so. The two samples of 
effluent were very bad, as- was unavoidable from the disproportionate amount. of 
sewage that the land received, and it is hardly necessary to enter into any detail with 
regard to them. Of course it must be borne in mind that no ‘definite conclusions as 
to the daily working of a farm can be drawn from one or two chance analyses. 


* Part IV.: Engineering and Practical Report, 
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HEMSWORTH SEWAGE FARM, 1901 


Sewages and Effluents. 





No. OF SAMPLE : : 2 = 


NATURE OF SAMPLE =a 


291. 


SETTLED ° 
SEWAGE. 





292. 


EFFLUENT 
corresponding 
to Sewage No. 291. 


293. 


‘ CRUDE SEWAGE 
(soapy ; alumino- 
ferric being used). 





294, 


FINAL EFFLUENT 
(very bad smell 
and cloudy). 





Drawn - : - - - 


Temperature of sample - - - 
Temperature of air - . - 


If jointed or incubated — - . - 


Analysed - - - - - 


Tuesday, 4th 
June 1901, 
10.15 a.m. 

Tie Cla Gombe) 


| 19-4° C. (67° F.) 


5th June 1901. 


Tuesday, 4th.June 
1901, 11.30 a.m. 


15°6° C. (60° F.) 
21-1° C. (70° F.) 


5th June 1901. 


Wednesday, 5th 
June 1901, 10.45 


a.m. 
13°3° C. (56° F.) 
156° C. (60° F.) 


6th June 1901. 


Wednesday, 5th 
June 1901, 11.15 
a.m. 
16°7° C. (62° F-) 
16'1° C. (61° F.) 


6th June 1901. 








Jointed anc 
cubated — 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 


Nesslerization. 


Ammoniacal nitrogen (b) by distilla- | 


tion. 
Albuminoid nitrogen - - . - 


Nitrous nitrogen - - - : 
Nitric nitrogen - - - 


Total nitrogen by Kjeldahl, with re- 
duction. 
Blank : - - - - - 


«X” nitrogen - - - - > 


Organic nitrogen by Kjeldahl, with 
reduction. 

Oxygen absorbed from permanganate 
at 26°7° C, (80° F.); at once.@ 


after four hours. 


2) ” 33 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26 7° C. (80° F.); at once. 


after four hours. 


99 ” 9 


Smell after incubation 3 j s 


Chlorine - - = : 3 2 


Parts per 100,900, by volume. 
Solids by centrifuge - ah et Se 


Gases: Parts per 1,090, by volume. 
Oxygen (by cuprous chloride) - - 


Remarks - . g 5 e 


2 a a Se es ON eh ee a 


| 





5°39 
1:01 
Trace. 
Not done. 
714 
(0°33 in 6°16) 
0°74 


12:26 


Centrifuge 
broken. 


Very __ turbid, 
grey _ liquid, 
with a strong 
smell of sew- 


age mixed 
with sage. 
Alkaline. 





Turbid. 
3°47 
0°36 

None. 
0°02 
4:29 
(0°24 in 6°67) 
0°37 
0°73 
1-09 


4°03 


Very black and 
putrid, with 
strong smell 
of sulphuretted 
hydrogen. This 
went bad on the 
first day. 

11°70 


Opalescent, with 
rather consider- 
able dark-brown 
and black de- 


posit. Putrid 
smell. Faintly 
alkaline. 





(2) *12°88 

2°13 

None. 
Not done. 


(a) (b) 
11°48 11°51 


June 26th 


(0°33 in 
9°71) 


(0°34 in 
9°74). 


(?) 
6°84 


20°37 


12°0 


Very turbid | grey 


liquid, withalarge 
amount of almost 
black — sediment. 
which could not be 
properly broken 
up. Strong smell, 
more of mint or 
sage than of sew- 
age. Alkaline. 


*Note.—The above 


figure for ammo- 
niacal nitrogen 
is clearly wrong 
(too high). PAS 
little carbonate 
of soda should 
have been added. 
before the distilla- 
tion. 





Turbid. 
*3°66 (?) 
0°50 
None. ~ 
0-01 
(a) (b) 
4:20 4°12 
(0°24 in 6°64 and 
6°52). 
(?) 
(?) 
1°30 


5°36 


Very black and 
putrid, with 
sulphide. - 


12°36 


Turbid, with con- 
siderable black 
and brown sus- 
pended matter. 


Ver putrid 
smell. Faintly 
alkaline. 


* Note.—Probably 
too high, no 
doubt again be- 
cause of sulphide. 
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LINDFIELD ‘SEWAGE FARM (Near HAYWARDS HEATH, SUSSEX). 





Two visits were paid to the Lindfield Sewage Farm, in May and June 1900, and 
samples of sewage and effluent were drawn each time. The farm is eight acres in 
extent, the soil being a stiff clayey one, overlying clay. Mr. Kershaw notes that the_ 
entire area of the farm is underdrained at a depth of 4 feet, and that the ground is 


very liable to crack in hot weather. The sewage is settled before being run on to 
the land. 


Two samples of the sewage, which is purely domestic, were examined (Nos. 80 and 
91). These were distinctly strong, both as regards nitrogen and oxidizable matter 
generally (see table of analysis). 


The first drawn sample of effluent (No. 79), a filtration effluent from mangolds just 
appearing above ground, on the upper part of the farm, gave a very good analysis, but 
the low figures obtained—especially that for chlorine—indicated that subsoil water 
had found its way into the effluent channel; this, on further examination of the 
ground by Mr. Kershaw, was found to be the case. An effluent from the lower part 
of the farm, which discharged by a separate drain pipe into the same manhole as 
sample No. 79, was obviously bad and was therefore not sampled. 


The second sample of effluent that was analysed (No. 92, drawn on 12th June, 1900) 
was not a good one. It had a slight sewage smell when it came to be analysed, 
contained a considerable quantity of organic matter and practically no nitrate, and 
became putrid upon incubation. 


No further observations were made at Lindfield, but the few which have just been 
cited supply another instance of the difficulties attending the working of clay farms. 
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No. oF SAMPLE - : x 5 


NATURE OF SAMPLE - . - 


79 


EFFLUENT 
from Upper Part of 
Farm (that from 
Lower Part was 
bad). 


80 


SETTLED SEWAGE. 
This does not 


correspond to No. 79. 





Drawn - 3 ; : . y x 


Temperature of sample - - 
Temperature of air - 5 E es 
Analysed - - < 7 . t 


Monday, 21st May 
1900, 3.35 p.m. 


Lie]? Cesk.) 
16'7° C. (62° F.) 
22nd May 1900. 


| 
| 


Monday, 2lst May 
1900, 3.50 p.m. 


11:7° C. (53° F.) 
16°6° C. (62° F.) 
22nd May 1900. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. his 
Ammoniacal nitrogen (b) by distilla- 

tion. 
Albuminoid nitrogen - - - ° 


Nitrous nitrogen . - ; ‘ 
Nitric nitrogen - - - - = 


Total nitrogen by Kjeldahl, with re- 
duction. 
Blank - : - - - - 


“X” nitrogen - - = 4 4 
Organic nitrogen- = - - to be 
Organic nitrogen by Kjeldahl, without 


reduction : 


(a) Taking ammonia by direct 
Nesslerization. 
(b) Taking ammonia by distillation 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
ef at 43 ‘after four hours. 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once. - - 

after four hours. 


”? ” ” 


Smell after incuvation - - - - 


Chlorine : 2 ss : 23 . 


Gases: Parts per 1,000, by volume. 
Carbon dioxide (free) - + - ‘ 
Oxygen (boiled out) - ~— - eG ig th 
Nitrogen es. i "+ oe, a ae 


Remarks - e : < 2 3 














Turbid. 
0:22 
0°10 

None. 
° 0:07 
0°37 
(0°19 in 0°73) 
None. (-0:02) 
0:10 


0:19 
0-21 
0°79 


0-06 Six 
0:47 \ days. j 


Sweet. 


2°70 


16°41 
5°70 
15°01 


Moderate amount 
of brown-red floc- 
culent matter. 
The Pa 
liquid had only the 
slightest brown 


tinge. Fishy-earthy 
smell; slightly alka- 


line. Only a small 
amount of lime in 
solution, and ver 
little sulphate. iA 
moderate amount 
of ferric iron in 
suspension. 


Note.-—The fore- 
going analysis indi- 
cated that subsoil 
water had probably 
found its way into 
this effluent chan- 
nel, which wasafter- 
wards verified. 





13°26 
13°93 
2°34 
None. 
Not done. 
18°14 
(0°19 in 13°36) 
1°87 
421 


523 
4°56 
5°65 
21°16 


Faint sewage smell. 
Dark-brown sedi- 


ment in small 
amount. Alka- 
line. 





91 92 | 
SETTLED FINAL EFFLUENT. 
SEWAGE. Corresponding 

to Sewage No. 91. 
From osier beds. 
Tuesday, 12th | Tuesday, 12th June 
June 1900, 1900, 2.30 p.m. 
12.55 Noon. 


12°8° 6. (55° F.) 
26-7° C. (80° F.) 
13th June 1900. 





16-06 3°87 
15°89 3°66 
2°31 0:38 
None. None. 
Not done. 0-09 
20°38 4:01 


(0°19 in 14°98) 








2°18 None (2) (-0:03) 
4:49 £038) RYE 
3°58 None (- 0°09) (?) 
3-75 ; 0720, a 
7:01 0°79 Bit 
25°84 2-54 
~~ 0°91 
— 2°84 
— Blackened ; smell i, 
of ammonium sul- 
phide. | 
15°76 10:40 e 
Very consider- | When the bottle was: 
able dark- | opened, this sample — 
browndeposit. | was found to have 
Strongsewage | a slight sewage — 
smell, Alka- | smell. Brownish — 
line. colour. A few | 
particles of weed. 
Alkaline, é 





117° C. (53? KF.) 
28° C. (84° F.) 
13th June 1900. 








(0:19 in 6:01) 
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LUTON SEWAGE FARM. 


The sewage farms of Winchester and Luton, both of which are on the chalk, 
were visited in the hope of getting an effluent. But, after the sewage has sunk into 
the soil at those places, nothing more is seen of it, and it is therefore impossible to 
draw an efiluent in the usual way. It was felt, however, that if an effluent could 
by some means or other be obtained from sewage which had passed through a few 
feet of chalk, some comparative data with regard to purification would at all events 
be gained. 


After a good deal of trouble Mr. Kershaw did succeed in collecting from the 
High Level Farm at Luton some effluents which had passed through different 
thicknesses of chalk, the method by which he did this being described in the Engi- 
neering Report.t The samples were drawn in November and December 1901. Too 


few analyses were made to allow of curves being drawn, so the Tables of Analysis 


must be referred to for details. 


Soiwl.—The soil of the High Level Farm—a light loam—varies considerably in 
depth. Mr. Kershaw has noted that on the higher portions of the farm it is only 
from 4 inches to 10 inches deep, while on the lower parts it goes up to 3 feet or 
more. On the portion of-land where the pit was dug from which the effluents were 
collected the surface soil was about 12 inches in depth* (this soil, however, was 
remove ; see below). 


Sewages.—Three analyses of the Luton sewage were made, the (chance) samples 
Nos. 411, 413 and 441 having been drawn just before the liquid began to filter 
through the chalk (as described by Mr. Kershaw). In its passage to the ground 
alongside ot the artificial chalk pit the sewage must of course have undergone 
some settlement. It will be seen from the tables of analysis that these sewage 
samples were only moderately strong as regards nitrogenous matter, and that the 
“oxygen absorbed ” figures were rather low. 


Samples 4114 and 4134 represent the same sewages as Nos. 411 and 413, but 
filtered through paper before being analysed, the object of this filtration being to 
note the result of a mere mechanical straining upon the sewage, in order to be 
afterwards able to compare the purification effected by the first few feet of chalk, 
The above analyses of Nos. 41ia and 4134 show that this paper filtration reduced 
the organic nitrogen by about one-third, and the “oxygen absorbed” figures by 
one-sixth. 


Lfiuents.—These were No. 409, which passed through 2 feet 6 inches to 3 feet 
of loose, rotten chalk (the surface soil having been previously removed); and 
Nos. 412, 414 and 442, which were drawn at the slightly greater depth of 3 feet 
6 inches in the chalk. Heavy rain fell while the last sample was being drawn, and 
Mr. Kershaw states in his “ Notes upon Samples ”f that the uquid only took about 
a minute and a halfto penetrate to the above depth, its passage being thus abnormally 
rapid. 


It will be seen from the Tables of Analysis that (leaving No. 442 out of account 
in the meantime) the albuminoid nitrogen was not much less in those effluents than 
in the paper-filtered sewages, while the ‘oxygen absorbed” figure was in the case 
of No. 412 much higher and in No. 414 slightly lower. All three effluents contained 
phenomenal amounts of nitrate (up to 16 parts nitric nitrogen per 100,000), washed 
out from what had been accumulating in the soil and upper chalk (¢) during the 
previous resting of the ground. The determination of organic nitrogen by the Ayeldahl 
method in the presence of such excessive quantities of nitrate is not an easy matter, 
and too much weight must therefore not be laid upon the figures given for it. 
Sample No. 442, which was exceedingly dilute in other respects, actually contained 





* Note-—On the Luton Low Level Farm there are 10 inches to 15 inches of light loam over gravel of 
varying depth, the gravel overlying the chalk. 


7 Part IV.: Engineering and Practical Report. 
6225, Be le. 
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24 parts of nitric nitrogen per 100,000. This last sample shewed very much greater — 
purification (with respect to sewage No. 441) than the other three effluent samples, — 
though this was probably due im part to the heavy rain which fell while it was being 
drawn, and by which it must have been appreciably diluted. 
| 
. 
| 
; 
| 


The results of these few estimations show that the sewage underwent 
comparatively little purification in its passage through the three feet of chalk from 
which the surface soil had been removed, though it carried with it such large quan- 
tities of stored-up nitrate as to prevent subsequent putrescence. This store of nitrate, ~ 
however, would obviously soon become exhausted, unless allowed to renew itself by — 
“frequent resting of the ground. Samples Nos. 409 and 412 were noted by Mr. 
Kershaw as having a slight sewage smell when drawn, but all the three samples of 
effluent smelt sweet on the following day. A few estimations of the amounts of —~ 
nitrate in the soil and chalk are appended (cf. Tables of Analysis), from which it will — 
be seen that the top soil was at the time rather rich in nitrate, but that the quantity 
decreased as one penetrated the chalk (the greatest depth tested was about one foot ~ 
below the upper surface of the chalk). 


Small duplicate samples of effluents Nos. 409, 412, 414 and 442 were partially 
analysed after being jointed and incubated, the result showing a great reduction of 
nitrate in every case excepting the last—a further proof that the sewage in its passage 
through the chalk had not undergone very much purification.* It should, however, 
be borne in mind here that, owing to the difficulty of sampling, there is uncertainty — 
about the first three of these having been true duplicates ; indeed they were probably — 
not so. The large bottle was in each case filled from the small one, and the small 
one therefore filled last. It required from 35 minutes to several hours to draw a 
given sample in duplicate. 


The foregoing results are of course much too few in number to allow of any ~ 
authoritative conclusions being drawn from them. But, as it 1s well known that chalk 
is fissured in all directions, they at least indicate that great caution should be 
exercised in the sinking of wells, the water of which might by any possibility be 
affected by a sewage effluent from such ground. 


Spring and Well Waters. 


With the object of testing this last point (possible pollution of spring and well — 
waters in the neighbourhood of a chalk sewage farm), three samples of spring water, — 
Nos. 240, 241 and 243, were drawn from springs at some watercress beds about 
200 yards from the low-level sewage farm; and three samples of a well water, 
Nos. 242, 244 and 410, were taken from a well 20 feet deep, in a cottage garden 
about 90 yards from the same farm. : 


The Tables of Analysis show that the spring water was good as a drinking — 
water from a chemical point of view, though No. 243 did not maintain its ~ 
aeration very well after being incubated, this proving the presence of a little © 
oxidizable matter of one kind or another (probably vegetable ; cf. Bacteriological « 
Report). The variation in the amounts of chlorine (2°12 and 3°42 parts per 100,000) 
in samples Nos. .240 and 243, both of which were drawn from the same spot, is also — 
noteworthy, and requires further elucidation. 


Unfortunately, as regards the samples of well water (which showed pollution), — 
the results are inconclusive, as it turned out that the well was liable to pollution 


from fecal matter applied as manure in the garden in the immediate neighbourhood 
of the well itself. | | g 


It would be of distinct interest if time allowed of some further investigation of : 
the various points indicated in this short Report. 4 


s> -* The large amount of nitrite remaining in the incubated duplicate of No. 414 is very striking. 
+ Part III.: Bacteriological Report, by Dr. Houston, 


¥. 
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LUTON SEWAGE FARM. 


TABLES OF ANALYSIS. 


INDEX. 
‘Sewage and Effluents, Nos. 409, 411, 4114 - - : . : ‘ 
Pe Nos. 412,413, 4134, 414 - : z 
i ME Neresil 4498 
Spring Water, Nos. 240, 241, 248 - - “ x : ‘ ¢ 
Well Water, Nos. 242, 244, 410 - - : 2 g : 4 i 
Nitrate in Surface Soil and Uppermost Chalk - - = 2 


PAGE. 
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LUTON SEWAGE FARM, 1901. 





Nb, OF SAMPLE © 0) 02 =) 


NATURE OF SAMPLE - - - - 
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Sewage and Effuents. 


409. 


FILTRATION 
EFFLUENT 
which had passed 
throug 
2 feet 6 inches 
to 3 feet of chalk. 





409. 


SMALL DUPLICATE. 


411, 


SEWAGE 
just before 
filtering through 
the chalk. 





Alla. 


SAME SAMPLE 
as No. 411, but 
filtered. 


before analysis, partly 


through German 


and partly through 


Swedish paper. 





Drawn - - - ° e < 


Temperature of sample - : = 
Temperature of air - « é 


If jointed or incubated - - - 


Analysed - - . - - - 


Tuesday, 5th Nov. 
1901, 3.30 p.m. 


10:0° C. (50° F.) 
4°4° © (40° F.) 


6th Nov. 1901. 


Jointed and incu- 
bated 6th Nov. 


16th Nov. 1901. 


Thursday, 7th 
Nov. 1901, 1 p.m. 


111° C. (52° F.) 
10:0° C. (50° F.) 


8th Nov. 1901. 





8th Nov. 1901. 





Parts per 100,000, by weight. 
Ammoniacal nitrogen, by distillation - 


Albuminoid nitrogen - - -— - 


Nitrous nitrogen - - - - - 
Nitric nitrogen - - - 


Total nitrogen, by Kjeldahl, with re- 
duction. 


Blank - . - - - - 

“xX” nitrogen - - = - - 

Organic nitrogen by Kjeldahl, with 
reduction. 


Oxygen absorbed from permangamate 
at 26°7° C. (80° F.) ; at once. 


after four hours. 


hy) 29 99 


Oxygen absorbed from permangamate 
by sample incubated for 5 days 
at 26'7° C. (80° F.); atonce - - 

after four hours. 


99 ? 9° 


Smell after incubation - - 


Chlorine E 5 4 s é 


Parts per 100,000, by volume. 
Solids by centrifuge - - - 


Gases: parts per 1,000, by volume. 
Oxygen (by cuprous chloride) : 


When sample was analysed - - 


Remarks : 2 P z f 





1°50 
0°51 | 
None. 


13°59 { Probably a | 
little low. 


7th Nov. | 


17°41 
(0°30 in 25°74) | 


aie | Probably 
2-31 | too high. 


2°40 


1:14 
4:2} 


Strong but sweet ; | 
trace of nitrite. | 


11°69 


Too much chalk 
present. 


From 0°5 to 1 


Turbid, with con- 
siderable ‘chalk 
sediment. Smell 
noted as(1) distinct 
sewage smell ; (2) 
fishy ; (3) seaweed 
or earthy, by three 
different observers. 
Alkaline. The 
turbidity was due 
mostly to chalk. 

very large 
amount of lime in 
solution and also — 








0°01 


5°67 


After incubation 
the sediment was 


brown. Clean, 
earthy smell. 
Probably these 


two samples of 
No. 409 were onl 


approximate dupli- 


cates, from the 
difficulty of draw- 
ing them. 





of sulphate ; a small but appreciable 
amount of ferric iron and a trace of 
ferrous iron. 


5°66 
0°88 
Not done 


7°65 


(0°33 in 5:95) 
lll 
1:99 
511 


9°72 


13°82 


Not done. Large 
lumps of chalk 
present. 


Turbid brownish | Thisfiltered sewage | | 


liquid, with a 


fairly large 
amount of sedi- 
ment, and 


several pieces’ of 
chalk the size of 
a small marble. 
Faint sewage 
smell. Alkaline. 


5°48 
0°54 
0°10 
0°14 
cH 
(0°33 in 5°55) 
0°85 
1°39 
4°38 


7°76 





was ays d brown | . 
andslightly turbid, | 
evidently. with | 
lime. It took | 
about four hours | 
to filter. i- 


412. 


EFFLUENT 
from 
Sewage No. 411, 
_after it had passed 
throug. 
3 feet 6 inches of 
loose chalk. 
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LUTON SEWAGE FARM, 1901. 
Sewage and Effuents. 


412. 


SMALL DUPLICA'BE. 





Thursday, 7th Nov. 
1901, 1.15 p.m. 


9-4° C. (49° F.) 
10-0° C. (50° F.) 


8th Nov. 1901. 


2°51 
0°41 
0-08 


(2) 16-10{ j a 


21°82 


(0°30 in 16-24)! 
(2) 2°72 
(2) 3-18 

2°76 


13°70 


1°51 
4°69 
Sweet, earthy ; 


about 0°01 nitrite 
nitrogen. 


13°30 


Too chalky. 


None 


Turbid, with much 
chalky sediment. 
Clean earthy 
smell. Alkaline. 








Jointed and incu- 
bated 8th Nov. 


27th Nov. 1901. 


1°73 
0°18 
0:22 


14°77 (1 day) \ 
14°61 (2 days) 


‘Clear, with a slight 


brown tinge. Dark 
brown sediment. 
Clean earthy 
smell. Here again 
there is the un- 


certainty about 
these being real 
duplicates. 

















413, 


— 


SEWAGE 
drawn just before 


passing 
through the chalk. 


413a. 


SAME SAMPLE 
as No. 413, after 
being filtered 
through Swedish 
paper. 


414, 


EFFLUENT 
after 
passing through 
3 feet 6 inches 
of chalk. 





414, 


= 


SMALL 
DUPLICATE. 





Monday, 11th Nov. 
1901, 12.30 noon. 


11°7° C. (53° F.) 
12°2° C. (54° F.) 


12th Nov. 1901. 


12th Nov. 1901. 


Monday, llth 
Nov. 1901, 1 p.m. 


10° C. (50° F.) 
12-2” (54° F.) 


12th Nov. 1901. 





6°37 
0:78 
Not done. 


8-19 


(0°33 in 6°34) 
1:04 
1°82 
2°80 


7°33 


126°0 
Probably some of 
this was fine chalk. 
It was not tested. 


Turbid greyish- 
brown liquid, with 
ereyish sediment, 
which was not in 
very large quan- 
tity for a sewage. 
Distinct sewage 
smell, Alkaline. 











6°07 
0°57 


None. 
Not done. 
7°30 
(0°33 in 5°69) 
0:66 
1°23 
1°44 


6°12 


12°42 


This filtered sew- 
age was slightly 
turbid and 
slightly brown, 
with a Sewage 
smell, 








115 
0°42 
1:07 


15°97 
18°45 


(0°30.in. 13°78) 
None ‘(?) 
0-42. (2) 


1°90 7 
4:09 days. 


Sweet, earthy ; 
about 1'26nitrite 
nitrogen, 


11:70 


Too chalky. 


Less than 1:0 


Opalescent and 
milky, with a 
small amount of 
sediment. Clean 
smell, Alkaline. 











Jointed and incu- 
bated 12th Nov. 


2nd Dec. 1901. 





2°18 
0°31 
0°76 


8°30 (1 day). 
9°37 (2 days). 


1°91 


4°4] 


Fairly clear. 
Liquid had a 
slight brown 
tinge. Consider- 
able brown sedi- 
ment. Clean 
smell, 

Again uncertainty 
about these being 
real duplicates. 


Note.—In this 
small bottle, No. 
414, the stopper 
had not held, and 
most of the mer- 
cury of the joint 
had got into the 
bottle. 





Ss ee 


——— 


eee 
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LUTON SEWAGE FARM, 1901. 


Sewage and Effluent. 



















































No. oF SAMPLE- += - =< = 441 442 442 aa | 
e UP =) SEWAGE EFFLUENT SMALL DUPLICATE. i 
Ret slog just before corresponding Transferred from the original 
going through to No. 441. sample after the bottle 
the chalk. (Heavy rain). had been standing partly empty — 
for about five hours, 
| : 
Drawn - A : - . - - | Thursday, 12th De- | Thursday, 12th De- — 
cember 1901, 3.30 cember 1901, 3.30 
p.m. (Heavy rain). p-m. 
Temperature of sample : - . 50° C. (41° F.) 3°9° C. (39° F.) — 
ij 
Temperature of air - - + - 7:2° C. (45° F.) 772) C45 FY mobi ig 
If jointed or incubated oh he — a Jointed and incubated, 13th — 
December 1901. a 
Analysed - - - = = =| 13th December 1901. | 13th December 1901. 3rd January 1902. 
Parts per 100,000, by weight. sae ete Le 
Ammoniacal nitrogen, by distillation - 2°83 0°15 — 
Albuminoid nitrogen - “ : : ray 0:16 — 
Nitrous nitrogen - «4 as : - | Not ve ae i 0:02 None. 
Nitrig nitrogen [+ ue! wf) >) daa Wee 24°52 * 93-4 
Total nitrogen, by Kjeldahl, with re- 6°45 24°86 — 
duction. 
Blank - ° : - - - - (0°25 in 4:95) (0°34 in 36°84) —_— 
“X” Nitrogen - : “ “ - 2°51 (2) 0°01 
! j Probably too —_— 
Organic nitrogen, by Kjeldahl, with 3°62 (?) 0:17 low. 
reduction. 
Oxygen absorbed from permanganate 3°90 0°62 0:29 
at 26°7° C. (80° F.):-at once - - : 
»---- 99 ~©=099)_~S iC ber four hours. 13°04 2:13 ae 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C, (80° F.) ; aé once. — 0°58 
Six days. —_ 
a9 9 ” after four hours. ——— 1°69 
Smell after incubation - - : — Sweet. No nitrite. ae a 
Chlorine : : : - . ° 6:46 12°04 Ce 


Parts per 100,000, by volwme. 


Solids by centrifuge - + «+ . 289-0 26°0 eee 
This was apparently 
a sewage sediment. 


Gases: parts per 1,000, by volnme. 


Oxygen (by cuprous chloride) .- : —_ Not done. Probably —_— 
too turbid, or per- A 
haps because of 
smell. 
Remarks + - + = +  -| Turbid, with—for a| Turbid, slightly | After incubation this liquid was 
sewage —a  small| brown liquid. Not | brown and clear, with a f 
amount of brown | much sediment. | amount of brown-grey sedi- 


sediment. Faint or | Mustysmell. Alka- | ment. No smell. kaline. 


doubtful ine. os 
nelLaeAA TS Seca line * The figure actually noted w: 


2°34, but there must have 
been an error in the decimal, for the following 
reason : — : . 
On 17th February, 1902, a small bottleful was taken 
from the above large bottle, which had been stand- 
ing half full since 138th December, 1901. This 
small sample was jointed on 17th February, and 
neu eve until 30th May, when it was analysed. 
t gave :— 

Nitrous nitrogen—None. 
Nitric nitrogen—- 

On l,e.c. On 2, cc. 

244+ 25°2 
“Oxygen absorbed ”from permanganate at 26°7° © 
(80° F.) ; at once—0'22. us 


t There must have been a slight loss of nitrogen 
here after reduction by the zine-copper couple, for 
ammonia could be smelt faintly when the liquid 
was being transferred for distillation. 
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SAMPLES FROM LUTON, 1901. 


(a) Water from Watercress Bed Springs. 
(5) Well Water from Cottage Garden. 
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SAMPLES FROM LUTON, 1901—(a) Water from Watercress Bed Springs. 
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ee ESE) tas LL abniina Gus 0uauo=sl.@ bem 


No. OF SAMPLE - : - : P 


NATURE OF SAMPLE - 


Drawn - = + = : : 


Temperature of sample 
Temperature of air - 5 z : 


If jointed or incubated 








240 


SPRING WATER 
FROM 
WATERCRESS BEDS 
below 
Sewage Farm. 


241 
SAMPLE TAKEN 
FROM A MIXTURE 
OF SPRINGS 
AT 
WATERCRESS BEDS. 


248 


WATER FROM | SMALL DUPLICATE. 


SPRING IN 
WATERCRESS 
BEDS 
(i.e., from same 
source as 
No. 240), filtered 
before analysis. 





Tuesday, 19th 
March 1901, 12 
noon. 


78° C. (46° F.) 


3°3° C. (38° F.) 


Tuesday, 19th 
March 1901, 
12.15 noon. 
8°37 Coa(a vim) 


3°9° C, (39° F.) 


W ednesday, 
27th March 
1901, 3.30 

m. 


p.- 
7°8° C. (46° F.) 


3°3° C. (38° F.) 





Jointed and incu- 


243 





A; 


bated, 27th Mar. 


ee es nee 








Analysed - - - . - - | Siphoned for analy- | 20th March 1901. 27th March 1901.) 2nd April 1901, | 
sis, 21st March -: 
1901. i 3 
; 2 
- } i 
Parts per 100,000, by weight. ; 
Ammoniacal nitrogen (a) by direct — Turbid. —— es | @ 
Nesslerization. ia 
Ammoniacal nitrogen (b) by distilla- 0:0011 0°01 0°002 ao : & 
tion. 
Albuminoid nitrogen 00057 0005 0-006 —— 
Nitrous nitrogen - None. None. None. None. 
Nitric nitrogen 0°60 0°74 0°64 0°63 
Total nitrogen by Kjeldahl, with re- 0°56 0°82 0°67 oe 
duction. 
Blank (0°16 in 0°97) (0°20 in 1°41) (0°20 in 1°18) = 
“«X” nitrogen ? 0:065 ? 0°022 ee 
Organic nitrogen by Kjeldahl, with ? 0:07 ? 0-028 —— 4 
reduction. 3 
Organic nitrogen by Kjeldahl, without | 4 
reduction ; 
Taking ammonia by  distilla- 0021 None. Ss ae | 
tion. 
Oxygen absorbed from permanganate | Too small to esti- None. 0-04 — | 
at 26°:7° C. (80° F.) ; at once. mate. 
” » ” after four hours. 0:06 0-10 0-12 ie he 
Oxygen absorbed from permanganate 
by sample incubated for five days | 
at 26°7° C. (80° F.); atonce -  - Too small. None. 0-03 — 
5 <5 ~ after four hours 0:07 0-11 0:24 == | 
Smell after incubation- - — - Strong, but sweet. | Strong, but sweet. Sweet a 
No nitrite. 
Chlorine e = - E : - 2°|2 1°76 3°42 = 
Gases: parts per 1,000, by volume. 
| 
Oxygen (by cuprous chloride) : 
WwW ras $6 5°75\ — Two 67 Two : } Two 75 
When sample was analysed 5‘70f observers. 65 { observers 52. f observers er 


Remarks Z 2 Z . 





Clear and colourless. 


The liquid was 
siphone from 
green cress leaf 
and white root 
before analysis. 
Leathery (cress ?) 
smell. Alkaline. 








Colourless, slightly 
turbid liquid (tur- 
bidity probably 
due to lime). 
Practically no 
sediment. No 
smell, Alkaline. 
Very considerable 
amount of lime in 
solution, but only 
a little sulphate. 
No iron. 


Clear and co- 
lourless. No 
real sediment, 
but a num- 
ber of frag- 
ments of green 
leaves, roots, 
&e., in sus- 
pension, No 
smell. 





After incubation | 








this was clear and 
colourless, with | 
floating particles | 
of green leaf and 
white root; also | 
small brownish 
particles. Clean 
smell, 
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SAMPLES FROM LUTON, 1901—(b) Well Water. 
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WELL WATER 
TAKEN FROM WELL 


1901, 12.45 noon. 


7°8° C. (46° F.) 


3°3° C. (38° F.) 


20th March 1901. 


0-0026 
0-0396 
None. 
0-99 
1-04 
(0-16 in 1°67) 
0-01 
0-05 


| Less than blank, though 
done in the usual way. 








0°13 
0°35 
0:03 
0°17 
; Leathery smell. No 
nitrite. 
3°80 
3°4 
| Colourless. Small 
amount of light brown 
suspended matter. 
Earthy smell. Much 


lime precipitated on 
boiling. 





6225. 
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WELL WATER 
FROM SAME SOURCE 


1901, 3.45 p.m. 


7°8° C. (46° F.) 


2°8° C. (37° F.) 


27th March 1901. 


244 


SMALL DUPLICATE 
(Analysed without 





Jointed and  ineu- 
bated, 27th March. 


3rd April 1901. 





410 


WELL WATER 
FROM SAME SOURCE 


vember 1901, 11.15 
a.m. 


10° C, (50° F.) 


8°9° C. (48° F.) 


8th November 1901. 


410 


SMALL DUPLICATE. 





20 feet deep, AS No. 242. the sediment, AS} 
in cottage garden. Filtered before practically speaking)..| Nos. 242 AND 244. 
Two feet ot water analysis. One foot three inches 
in well. of water in well. 
Tuesday, 19th March | Tuesday, 26th March ~— Thursday, 7th No- a 


Jointed and _  ineu- 
bated, 8th Novem- 
ber. 
26th November 1901. 





0:0041 

0:0308 

None. 
0°95 
1:05 


(0°16 in 1°69) 
0-065 
0:096 


0-068 


v°02 
0°30 


0-08 
0:23 


Slight leathery smell. 
No pritrite. 


3°92 


Two 
observers. 


3°7 
3°75 


Clear and colourless, 
with a small amount 
of light brown 
and grey sediment. 
Leathery smell. 
Alkaline. 














0:06 


2°75 


Colourless. <A little 
very light brown 
sediment, which was 
not taken for analy- 
sis. No smell. 






















0:002 
0:023 
None. 


1:00 


0°07 
0:29 
0°13 
0°16 


Sweet. 


4°04 


3°4* 





Clear, colourless and 
bright. Minute 
amount of whitish 
sediment. Ver 
slight earthy belt 
Alkaline. 

*This reading is 
robably rather too 
igh, the standards 

being old. 





None. 


(one day) 
(two days}, 


None. 


Clear and colourless. 
Minute quantity of 
white sediment, 
Very slight earthy 
smell, or none. 
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LUTON SEWAGE FARM, 1901. 


Chemical Examination of Luton Sewage Farm Surface Soi and Chalk for Nitrate. 


In view of the large quantities of nitric nitrogen found in the foregoing effluents 
drawn from a few feet below the surface of the chalk, examinations for nitrate were 
made in the following samples of the surface soil and of the chalk drawn at different 
depths near to the surface. This ground had been last sewaged 10 days before the 
soil and chalk samples were drawn. ? 


Sample No. 1. 
Surface soil, drawn at a depth of 6 inches to 8 inches on 11th November 1901. 


21st November 1901.—A good even sample was made and ground up roughly, and 50 grammes of it were 
well shaken up in a flask with 833-9 grms. hot water. The liquid was allowed to stand for, say, a couple of 
hours or so, the clearer portion siphoned into another flask, and the nitrate determined by the zinc-copper 
couple in filtered and unfiltered portions of this, both of these solutions being very muddy (although slow 
filtering paper was used for the filtration). 


Unfiltered 
(25 ce. taken Filtered 
Found, per 100,000 parts soil. for estimation). . (25 c.c. taken). 
(A.)—Nitric nitrogen (including any nitrous) - 6°34 6°32 


28th November 1901.—A fresh solution of the same sample of soil was made in the same way as above, — 
using 25 grms. soil and 570-3 grms. water. After shaking up with hot water as usual, the solution was left 
to stand with its own mud in a stoppered flask at room temperature until Saturday, 7th December. Even — 
then it was not quite clear. The liquid was now siphoned off. 
Unfiltered Filtered. 
Found per 100,000 parts sovl. (25 cc. taken). (25 cc. taken). 
(B.)—Nitric (including any nitrous) nitrogen - 5:41 5-41 
; 


These figures appear to show that some de-nitrification had been taking place in B. 


Sample No, 2. 
Chalk taken at a depth of 1 inch to 4 inches below surface soil on 11th November 1901. 


15th November 1901.—This was sampled and ground up. Then 10-086 grms. were ground to a cream 
with 996 grms. cold water, and the whole was well shaken, say, half-a-dozen times. The mud was then 
allowed to settle for a couple of hours or so, and the nitrate determined as in Sample No. 1. . 











Unfiltered 
(25 ce. taken). Filtered 
(very turbid). (100 ce. taken). 
Found per 100,000 parts soil. 15th November. 16th-November. 
(C.)—Nitric (including any nitrous) nitrogen - 3°25 8:13 


18th November.—In another portion of the solution the liquid was poured off the mud as completely as 
possible, and the nitrate again determined. 


(a) Unfiltered (b) Unfiltered 
(50 cc. taken). (100 cc. taken). 
Found - - - - - - . - 3°64 3°58 C 


The residue from estimation (a) was again treated with the couple, and gave 0°49 part nitric nitrogen. 
But this figure (0°49 per 100,000) corresponded to only 0:3 ce. of the dilute standard ammonium chloride 
used for nesslerizing, hence uot much importance can be attached to it. 


25th November 1901.—On account of the discrepancy in the above figures a fresh portion of the powdered 
sample, weighing 50 grms., was ground to a cream with 873 grms. hot water, the mixture transferred to a 
flask and shaken up well as usual, and then allowed to settle for about two hours. From the less thick 
pertion of the solution some was pipetted off, and the nitrate determined in the filtered and unfiltered 
portion of this :— 


Unfiltered Filtered 
Found. (25 cc. taken) (25 ce. taken). 
(D.)—Nitric (neluding any nitrous) nitrogen 3°28 4:05 


ys Both of these solutions were very turbid. 


Omitting, therefore, the figure 8°13 in the second estimation as being probably wrong, the estimations in 
the freshly-made unfiltered liquids agree fairly well, viz., 3°25 and 3:28. The third and fourth estimations — 
(3°64 and 3°58) and the sixth estimation (filtered) (4°05) appear to show oxidation while the mud stood 
with water, which is the opposite of what took place in cases A. and B. (sampie No. 1). 
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Sample No. 3. 
Taken 1 foot below Sample No. 2, on 11th November 1901. 


21st November 1901.—This was sampled and powdered like Nos. 1 and 2, and 50 grms. of it were ground 
to a cream with 916 grms. of hot water, and the whole shaken. After settling for about two hours as usual, 
the nitrate was determined in the filtered and unfiltered portions. 


Unfiltered Filtered 
Found per 100,000 parts soil. (25 ec.) taken. (25 cc.) taken. 
(E.)—Nitric (including any nitrous) nitrogen - 2°35 2°84 


The filtered portion was in this instance fairly clear. 


25th November 1901.—A fresh solution of the above powdered sample was made up to-day, using 50-0: 
grms. chalk, and 874°8 grms. water. 


Unfiltered Filtered 
Found. (25 cc.) taken. (25 cc.) taken. 
(F.)—Nitric (including any nitrous) nitrogen - 2°68 3°21 


The filtered solution was in this case very turbid. 


27th November 1901.—Another fresh solution was made up to-day with 25 grms. chalk and 658'8 grms. 
water, and was allowed to settle for about two hours. 


Unfiltered 
Found. (50 cc.) taken. 
(G.)—Nitric (including any nitrous) nitrogen - Sul eke 2°39 


Here again the agreement is fairly good in the unfiltered portions (2°35, 2°68, and 2°39), but again 
filtration apparently means oxidation (2°84 and 3:21). 


Conclusion.—The top soil (No. 1) was thus rather rich in nitrate, and the nitrate 
decreased in the chalk with increasing depth. 
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SANDHURST SEWAGE FARM. 


During Mr. Kershaw’s first stay at Aldershot Camp in April, 1900, he took 
the opportunity of visiting the small farm at Sandhurst, and of drawing one sample 
ef sewage, one of a first field irrigation effluent over rye-grass, and one of a final 
percolation effluent, which were analysed. 


The soil and sub-soil of this farm are given by Mr. Kershaw as being similar to 
those of Aldershot Camp farm, 7.e., they are sand, but with a greater depth of top-soil. 
The under-drains are 3 feet deep. The sewage flow per 24 hours is about 15,000: 
vallons, from a population of 600-700, which works out to about 23 gallons per head. 
The irrigable area being 13-acres, each acre would treat 1,100 gallons, supposing it 
were under sewage all the year round—a very smail dose. ‘The sewage is settled in tanks 
before being run on to the land. 


No real deductions can be drawn from so few (chance) analyses, but it may just 
be noted that both the sewage and the two effluent samples were rather weak, that 
the final effluent was but little better than the first field one, and that neither effluent 
withstood the incubation test as judged by smell. The final eftluent contained a good 
deal of weed (from the drain pipes ? ) tinged red by oxide of iron. 


Note.—Of the two Kjeldahl methods for determination of organic nitrogen, the one 
without reduction clearly gave the better results in samples Nos. 61 and 63. in No. 62 
the agreement between the two methods was good. 


SANDHURST SEWAGE FARM, 1900. j 


No. oF SAMPLE - - = 


NATURE OF SAMPLE - - - - 
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61. 


SETTLED SEWAGE. 











Drawn - = 


‘Temperature of sample 
‘Temperature of air - 
If jointed or incubated - > - 


Analysed - - 


Wednesday, 
1900, 12 noon. 


4th April 


89° C. (48° F-.) 


5th April 1900. 








; - 
62. 63. 
First EFFLUENT OVER | FINAL (PERCOLATION) — 
RYE GRASS. EFFLUENT. 
Wednesday, 4th April | Wednesday, 4th April 


1900, 3 p.m. 
10° C. (50° F.) 


1900, 1.30 p.m.; 
ih 


13°3° C. (56° F.) 


5th April 1900. 6th April 1900. 








Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct 
Nesslerization. 


Ammoniacal nitrogen (b) by distillation 
Albuminoid nitrogen - e 

Nitrous nitrogen - - - 

Nitric nitrogen - 


Total nitrogen by Kjeldahl, with re- 
duction (after nitrite correction). 


Blank. 2\ aie ee ae cee 


Correction for nitrite - 5 

«X” nitrogen - - - 

Organic nitrogen by Kjeldahl, with 
reduction. 

Organic nitrogen by Kjeldahl, without 
reduction : 


Taking ammonia by distillation - 


4)xygen absorbed from permanganate 


at 26°7° C. (80° F.); at once. 


” 9 39 


Uxygen absorbed from permanganate 
by sample incubated for five vane 
at 26°7° C. (80° F.); at once - 

55 x a after four hours. 


Smell after incubation - 


Chlorine e = : 


Gases: Parts per 1,000, by votume. 
Carbon dioxide (free) - . 
Oxygen (boiled out) - : 


Nitrogen - - 2 


Remarks = - E = 


after four hours. | 


This 





4:20 


4°71 
0°81 
None. 
Not done. 
5°65 


(0°23 in 4°33) 
None. 
0:13 (2) 
0:94 (?) 


1°45 
1:48 


5:37 





















sample contained 
only a very small amount 
of light-brown suspended 
matter. It had more of 
a soapy than a sewage 
smell. Alkaline. 


1-65 0-93 ‘= 
1°73 0:96 , 
0-27 g-22 «Oe b 
None. 0°12 a , 
None. 0°26 ae 
2°30 1°58 a . 
Oe 
(0:22 in 3°56) (0°32 in 2°52) aur s 
None. + 0°06. 54) a 
7 a 
0°30 Plural must b be 
0°57 0-24) WORE 
0°68 0°51 
0-70 0°88 
2:58 2:56 
0°72 0°84 
1-90 2°23 : 
Putrid. Putrid. 
4°50 > #18 Se 
| \ 
22°04 44°34 
O15 | 0:03 
14-06, — 1983 ff 







—_ 

This was distinctly opal- Opalescent to muddi 
escent, butcontainedonly | and containing a 
a little brown-black | deal of we 
floceulent matter. Clean | brown - red _ 
earthy smell. Neutral, | of iron. 
turning to alkaline. | smell. C 
Very little lime, and only | alkaline on 
a little sulphate in solu- Only a little lime 
tion. a little we 1 
tion. 
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WOKING SEWAGE FARM. 





In October 1900 a visit was paid to the Woking Sewage Farm by Mr. Kershaw 
and myself, with the object of inspecting the late Mr. Santo Crimp’s settling tanks, 
which are provided with an arrangement for upward filtration of the settled sewage, 
previous to its distribution over the land; and advantage was taken of this visit to 
draw small chance samples of sewage and effluent for partial examination. 


A. reference to the accompanying table of analysis will show that the sewage 
was very~strong and the effluent well nitrated and of very high class. After nearly 
three weeks’ incubation it still retained a little dissolved oxygen. The dissolved 
oxygen was not determined at the time of drawing, but the effluent being a 
percolation one was probably not very highly aerated then. 


Woking farm would be an interesting place on which to make a few further 
observatidns, especially having regard to the nature of the soil, which is very fine sand 
(Bagshot sand). 


WOKING SEWAGE FARM, 1900. 








No. OF SAMPLE - : ; 2 2 
BREA 
NATURE OF SAMPLE - - - - 


1. 


SEWAGE. 
from Sewage Well 
(small sample). 


2. 


FINAL EFFLUENT 
from Lowes 
Manhole 
(simul sample). 





3. 


SEWAGE 
drawn by Mr. 
Santo Crimp’s man 
from weir at end 


ARTIFICIAL STORM 
WATERS. 





of E. tank, 
50 hours after 
any rain. 
Drawn - - - - Yriday, 19th Octo- | Friday, 19th Octo- | Monday, 19th No- 


If jointed or incubated - - - 


Analysed - - - > 2 


ber 1900, 3 p.m. 


20th October 1900. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen by distillation - 
Albuminoid nitrogen - - : : 
Nitrous nitrogen- - - - - 
Nitric nitrogen 


Organic nitrogen by Kjeldahl, without 
reduction : 


Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.); at once. 


after four hours. 


” 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once. 


” ” ” 


after four hours. 
Smell after incubation : = 3 


Chlonne 4 . 3 s . : 


Gases: Parts per 1,000, by volume. 


Oxygen (by cuprous chloride) —- 


Remarks 3 F = é a 


a oe 











11°50 
* 3:44 


Not enough of 
sample. Almost 
certain to be 
none. 


7°89 


a“ 


Putrid, with con- 
siderable brown 
deposit. 


*A correction for 
the albuminoid ni- 
trogen had to be 
introduced here, as 
the distillation ap- 
paratus was not 
working _ satisfac- 
torily at the time. 


ber 1900, 2.30 


p.m. 

Jointed, 20th Oc- 
tober ; on top 
of incubator part 
of time; inside, 
23rd October. 

9th November 
1909. 


vember 1900, 2.30 
p-m. 


26th November 
1900. 





Slightly earthy - 


About 1:0. Stan- 
dards weakened. 


When taken from 
the incubator, 
this had a slight 
earthy — smell. 
The liquid con- 
tained a very few 
dark brown floe- 
cull, 


The above is an 
exceedingly good 
effluent. 








he eS a ae 








There was very| This again shows 


little sediment in 
this sample of 
sewage. 





These were made by 


diluting the Woking - 
Sewage, No. 1, 31:24 | 
times, we, 15 cc. 
sewage + 468°6 c.c. 


be water. This 
dilution cor- 
responds to 0-:107 
albuminoid 


gen per 100,000, 


which is below the 


M. and I. standard 
{0°1i8). 


Incubated two por- 
tions for six days (a) 


at atmospherictem- _ 
perature, and (b) at 


26°7° C. (80° F.). 


20th October | before 


0 03 * incu- 


* This is probably — 
too low. 


———S 


(a) 0°16 
(b) 0°55 


after 





Both (a) and (b) 
were putrid. ¥ 


that a : 
sewage, even be-. 
low the provisional 
M. and [. albumi- 


diluted 
















nitro-1 


bation | 


six days 
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WORSLEY SEWAGE FARM (NEAR MANCHESTER). 





This farm was kept under partial observation by Mr. Kershaw during the latter 
half of May 1901, 2.e., concurrently with his second visit to Altrincham. 


The soil on the northern portion of the farm consists of gravel and sand, and 
is described in the Engineering Report as “fairly suitable for sewage purification.” 
But, excepting that one sample, No. 287, was drawn from gravelly soil, this area was 
left alone, the object of going to Worsley being to test the effect of peat land upon 
sewage; the southern portion of the farm consists of peat, with practically no 
surface soil. Mr. Kershaw states in his Report that at a depth of 5 to 6 feet 
below the surface of the peat there is found a bed of exceedingly fine white sand, 
but this is slightly lower than the level of the drain pipes, whose depth is 5 feet. 


The average dry-weather flow of sewage is 300,000 gallons, a considerable 
portion of which consists of dye and bleach refuse. The population draining to the 
farm being 10,000, the dry-weather flow (inclusive of trade refuse) is thus equal to 
30 gallons per head. Forty acres of the farm are laid out for irrigation, though only 
22 acres were available, owing to cropping, at the time of Mr. Kershaw’s visit. 
Taking the size at 40 acres, this gives 250 persons per acre (plus the unknown 
quantity of trade refuse). With the area under actual irrigation at any one time, 
some 15,000 to 23,000 gallons per acre are treated in 24 hours. But if we make, 
for purposes of comparison, our usua] assumption, then oe acre at Worsley treats about 
7,500 gallons per 24 hours all the year round. 


Peat being of the nature of a sponge, it is not suitable for sewage purification, 
because of the difficulty of draining it and the consequent lack of aeration. Compara- 
tively few samples therefore were drawn from the Worsley farm,—just sufficient to 
indicate the difference between a sewave effluent from peat and one from gravelly 
soil. 


Nature of Sewage. 


The sewage is crude, without any screening or settling, and contains a good 
deal of dye and bleach refuse. Only three samples were examined, viz., Nos. 277, 
281 and 285; the two last smelt of sulphuretted hydrogen when analysed, and 
contained very considerable amounts of black sediment. Taking the three 
samples together, the nitrogenous matter was only moderate in amount, but the 
“oxygen absorbed” figures, especially in No. 281, were relatively high. All the 
samples contained dye refuse, and No. 281 had an acid reaction, even after boiling. 


Kffiuents. 


four samples of percolation eftluent frum the sewage treated once on the peat 
land were examined (three of these in duplicate after incubation), and one 
sample—No. 287—(in duplicate) from the gravelly portion of the farm. Of the peat 
land effluents, No. 278 was very bad. When analysed, it was a canary yellow and 
turbid liquid smelling of sulphuretted hydrogen; it contained much ferrous iron, 
and the colour of the liquid was mostly due to that iron, though partly also to the 
peaty matter in solution. Nos. 280 and 282 were also bad; the first of these was 
dark brown in colour but nearly clear, while the second contained much black 
suspended solid matter. There was not much lime in these effluents (Nos. 278 and 
282 were tested for this); the addition of lime to the land would therefore probably 
improve matters somewhat. No. 286 (from peat) and No. 287 (from gravelly soil) 
were drawn with the intention that they should be comparative samples of effluent 
from the same sewage, but the respective amounts of chlorine present in them showed 
that this was not really the case. No. 286 was decidedly better than the other peat 
land effluents and practically withstood incubation for five days, though it could not. 


RQ 


622. Del 


(see Tables of Analysis) that they remained acid after being boiled. All of them 
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be called good, while No. 287 contained some nitrate and remained sweet through the 
incubation test, though in the duplicate sample incubated for 13 days the nitrate was 
altogether exhausted after incubation ; unfortunately the analysis of this last sample 
(No. 287) was discordant as regards the figures for total nitrogen, nitric nitrogen 
and organic nitrogen. Thus all the four effluents from peat land were bad or nearly 
so, while the one from gravel was better, though not by any means of high quality. 


Water from Unsewayed Peat Land. . 


Three samples—Nos. 279, 283 and 290—were examined, two of them in 


duplicate after incubation. Judging from the comparatively small proportion of 
chlorine in these, at least in Nos. 279 and 290, the samples were evidently peat water 


the Manager of the farm and by Mr. Kershaw (see Mr. Kershaw’s “Notes on 
Samples” *).. They contained, of course, a good deal of oxidizable organic matter, as_ 
measured by the “oxygen absorbed” test, and also appreciable amounts of unoxi- 
dized nitrogen. There was very little lime present in them, and it will be observed 


without sewage contamination, in accordance with the opinion arrived at both by 

















kept sweet upon incubation, excepting the duplicate of No. 283, which was strongly 
putrid after being incubated for twelve days ; this is another instance of a sample 
keeping sweet after six days’ incubation at 26°7° C. (80° F.), but failing to withstand © 
incubation for 12 days. 


\ 


The Parrin Brook; Water above and below effluent outfall. 


Four samples were examined. Of these Nos. 284 and 288 were taken above 
the Worsley Farm effluent outfall, while Nos. 280a and 289 were. drawn below it; 
Nos. 288 and 289 were corresponding samples, ze. drawn within ten minutes of 
one another. No. 284 kept sweet on incubation but was not satisfactory for a 
brook water, containing as it did little more than a trace of dissolved oxygen when 
analysed ; the other three samples were badly contaminated. In all four there were 
present large amounts of suspended matter. As stated by Mr. Kershaw, however, 
in his ‘Notes on Samples,” * this contamination is not due to the Worsley Farm 
alone, but also to another sewage farm which discharges its effluent into the stream 
higher up. If the figures of analysis in Nos. 288 and 289—corresponding samples, 
one drawn above the Worsley effluent outfall and the other below it—are referred 
to, it will be seen that this contention is borne out. Both samples were bad, bu 
the one drawn above the effluent outfall was slightly worse than the other. 





* Part IV.: Engineering and Practical Report. 
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WORSLEY SEWAGE FARM, 1901. 


TABLES OF ANALYSIS. 


INDEX. 
PAGE 
Sewages and Hffluents, Nos. 277, 278, 280, 281 - - - - - - - - - 270 
a, = Nos. 282, 285, 286, 287 - : - - - - - - . . 271 
‘Water from Peat Land Nos. 279, 283, 290 - - - - - - - - - - 272 
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WORSLEY SEWAGE FARM, 1901. 
Sewages and Effluents. 





No. OF SAMPLE 


NATURE OF SAMPLE 


277 


CRUDE SEWAGE 


(dark-coloured 
when drawn). 


278 278 
FINAL EFFLUENT SMALL 
(yellow-coloured), DUPLICATE. 
off pure bog peat. 

Onle corresponds 
approximately 


to No. 277. 


280 


EFFLUENT FROM | CRUDE SEWA 


PEAT LAND 
(yellow when 
drawn). 





Drawn eS ha 3 s : 


Temperature of sample - - 
Temperature of air - - - 
If jointed or incubated - - - 


Analysed - - 


Monday, 13th May 


1901, 11.45 a.m. 


13°3° C. (56° F,) 
100° C. (50° F.) 


14th May 1901. 


Monday, 13th May 
1901, 12.15 noon. 


8-9° C. (48° F.) eons 
15°6° C. (60° F.) 


Jointed and incu- 
bated 14th May, 


greenish black. 
Opened 17th May 
1901. 


14th May 1901. 





Parts per 100,000, by weight. 


Ammoniacal nitrogen (a) by direct | 


Nesslerization. 


Ammoniacal nitrogen (b) by distilla- 
tion. 


Albuminoid nitrogen - - - - 
Nitrous nitrogen - - : : 


Nitric nitrogen - et: a 2 


Total nitrogen, by Kjeldahl, with re- 
duction. 
Blank - . - - - - 


“X” nitrogen - - - - - 


Organic nitrogen, by Kjeldahl, with 
reduction. 

Organic nitrogen, by Kjeldahl, without 
reduction : 

Taking ammonia by distillation - 


Oxygen absorbed from permanganate 
at 26°7° C. (80° F.) ; at once. 
Fe Re re after four hours 


Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - - 

after four hours 


39 3) 39 


Smell after incubation “ 2 2 


Chlorine’ - 5 5 us 7 2 


Parts per 100,000, by volume. 
Solids by centrifuge - - : =| 


Gases: parts per 1 000, by volume. 


Oxygen (by cuprous chloride) when | 
sample wasanalysed - -~ -/| 


Remarks’ - : . = as E 








approx. 
3°72 + (slightly 
turbid). | 


3°07 


1°62 
None. 


Not dune. 
6°19 
(0°22 in 4:71) 


1°50 
3°12 


6°28 


22°44 


12°60 


485°0 
(3 minutes). 


Very considerable 
black sediment, 
along with dark 
brown and grey- 
ish fibrous par- 

Slight 

smell. 


ticles. 
sewage 
Alkaline. 


| V.B.-This sewage 
dye 


contained 
refuse. 


whenit wasalready 


Wednesday, 15th 
May 1901, 12.15 


noon. 


10°0° C. (50° F.) 


18:9° C. (66° F.) 


16th May 1901. 


Monday, 20th } 


- lle > se a! moe 










281 


(contained 


1901, 4.15 p.m 


13% C, (56° F, 
21°1° C. (70° F, 


22nd May 1901 





Pees 
too high, 
0'80 - because 

fost: 


oO 
phides. 
0-14 


None or trace. 


Not done. 

(a) —_(b) 
0°88 0°87 
(0°33 in 1°77 and 

ines /o): 


? peares 


9 





1:27 
| 3°59 








| 


Strong 
odour of  sul- 
hides. 

ot analysed. 


Canary yellow and | Black. 
turbid fiquid,with 
a smell of sul- 
phuretted hydro- 
gen. Nota great 
deal of lime in 
solution. (The! 
soil evidently needs lime.) Consider- 
able amount of sulphate. Much 
ferrous iron. 

The reaction was slightly acid in 
the cold, alkaline on boiling. When 
boiled, much sulphuretted hydrogen 
was evolved. The colour of this 
effluent was due mostly to the iron 
present in it, but sacred also to the 
peaty matter. 











Evidently 
too high, 


(2)1:125 from sul- 
phide pre- 


_ sent. 
0:23 


None. 


Not done. 
1:17 
(0°33 in 2-24) 
y 


’ 


1-74 
4°58 


8°96 


(1 minute). 


Very dark brown 
and slightly tur- 
bid liquid. Very 
little sediment. 
Strong smell of 
sulphuretted hy- 
drogen. 
tinctly acid in 
the cold, alka- 
line on boiling. 


Dis- 





acid, 
boiling, but 
very acid. 










Not done. 


Not done. _ 


5°73 
(0°33 in soil 
Va 





1-65 
3-02 


10°49 
31°28 


21-98 


284-0 
(2 minutes), | 


clic 


even 
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WORSLEY SEWAGE FARM, 1901. 
Sewages and Effluents. 

















282 282 285 286 286 287 287 
UENT FROM SMALL CRUDE SEWAGE | EFFLUENT FROM SMALL EFFLUENT FROM SMALL 
AT LAND DUPLICATE. (contained dye PEAT LAND, DUPLICATE. GRAVEL SOIL, DUPLICATE. 
ow, with a refuse). corresponding to corresponding 
ge and iron Sewage No. 285. to Sewage No. 285. 
smell). 
vy, 20th May, oe Tuesday, 28th May| Tuesday, 28th May —— Tuesday, 28th May —— 

, 5.30 p.m. 1901, 12.0 noon. 1901, 1.20 p.m. 1901, 1 p.m. 
POs (57° F.) aa 15°6° C. (60° F.) 156° C. (60° F.) — 14°4°C, (58° F.) — 
C. (69° F.) — 23°3° C. (74° F.) 23°9° C. (75° F.) — 256° C. (78° F.) — 


Jointed and incu- 
bated, 29th May. 


Jointed and incu- 
bated, 29th May. 


Jointed and incu- 
bated, 22nd May. 


_—_—__ —_—— ———— — ee 














































May 1901. ebmege 23rd May | 29th May 1901. 29th May 1901. llth June 1901. | 29th May 1901. 11th June 1901. 
1901. 
one, because oe LES sates Pi gees y tae 
sulphuretted 
ogen present. 
Na, CO;, 7 drops, 6 drops, 
ag. Pos 2284 Na, CO,, 0-66 0-684 Na, CO,, 0-45 0-42 
added. ag. added. ag. 

0-16 _ 1:20 0°10 0°06 0°10 0°07 

None. — None. ‘None, or trace None. None. None. 
fot done. ——— Not done. 0:03 None. 0°62 (2) None. 

(a) —(b) 

0°86 — 4°24 1°04 aa 051 0°66 —_—— 

22 in 1°47) —- (0°22 in 6°36) - (0°33 in 2°02) od (0°33 in 1°16 ; 0°34 ——— 
in 1:42). 

None (?) — 0°76 0:25 Ba) ? ssa 

0°16 (?) — 1°96 0°35 ase 0°10 (?) aae 

0°13 (?) — ee pees —_ = nidane: 

1°44 —- 7°84 1°12 1°87 0°71 0°73 

4-22 es 23°14 3°31 = 2°35 ares 
‘90 | Seven eat =e 1-08 ee, 0-59 
7] days. 2-7) iy 2°09 ens 
of sulphides. —— — Smell very strong, Putrid. Sweet ; trace of Sweet. 
ple was black | but not putrid. nitrite. 
eincubation). No nitrite. 

8°70 — 25°00 7°80 od 1:74 Cre 

70°0 — 235°0 About 5:0 — 10°0 approx. = 
minute). (1 minute). i 

— Sestak pos None. — None. — 
ample looked | Blackandsmelling | This sample con-| Brown, practically | After incubation | Liquid very brown | After incubation 
k and smelt} of sulphurett tained a large} clearliquid,with| this sample was| —more so than| this liquid was 
sulphuretted hydrogen. In-| amount of black| hardly any sedi-| slightly turbid| No. 286. Some; very yellow or 
rogen. Itwas| clining toacidin| sediment. The| ment. Nosmell.| and brownish,| sediment aggre-| light. brown. 
escent and| thecold,alkaline| liquid wasbrown| Alkaline. The| but less so than| gated into light- Kracheatly _no 
ow when fil-| on boiling. Not} when  filtered.| above sample| No. 287. Hardly| brown lumps.| smell; alkaline, 
d. Consider-| analysed. Almost neutral,| is evidently just | any sediment. | Clean smell;| especially _ on 
black depo- though tending} withintheborder| Distinctly putrid} alkaline on boil-| boiling. This 
Slightly acid to alkaline. | line. and smelling of] ing. sample is there- 
the cold ; Strong smell of sulphuretted hy- Note. —There | fore much better 


atl alkaline 


oiling. 


lution there was a small amount 


me, a somewhat small amount 
ulphate, and a large amount of 


ous iron. 


ammonium sul- 
phide. 






drogen, but not 
black. Alka- 
line, _ especially 
on boiling. 












is of course an 
error in oneofthe 
nitrogen figures 
of the above 
analysis, most 
likely in the nit- 
rate. 





than No. 286 
(from peat land). 
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WORSLEY SEWAGE FARM, 1901. 
Water from Peat Land. 





No. OF SAMPLE: §- - == - 279 279 283 283 
2 : FROM SMALL PEAT WATER SMALL 
NATURE eek 1 ie DUPLICATE. (not effluent) DUPLICATE. 
(nc» effluent) yellow in colour. 


yellowish in colour. 






PEAT WA 
(dirty coloure 





Drawn - é 5 P <= - | Wednesday, 15th es Monday, 20th May ee 
































May 1991, 12 ‘| 1901, 4.25 p.m. 
: noon. p iio! 
Temperature of sample : - - 12:27 C54 Be) — 15°6° C. (60° F.) —— 
Temperature ofair - - - -| 183°C. (65° F.) oF Geen 21:1° C. (70° F.) —— 
joi i oF pagan = Se — Jointed and in- a Jointed and 
lf jointed or incubated pitta aGeh sneabateil 
May. . gmk pee 
Se OR tae ne ve 17th May 1901. Opened, 31st | 22nd May 1901. Jpened, 3r 
Analysed ry, May 1901. July 1901. 
Parts per 100,000, by werght. 
Ammoniacal nitrogen (a) by direct === SSS wine pes 
Nesslerization. 
Na, CO; . 
Ammoniacal nitrogen (b) by distillation 0°027 ce — 0097 — 
added. , Ae 
Albuminoid nitrogen - - - =a 0°075 aa 0°106 — 
Nitrous 3 - - : - | None. a None. ‘ —— 
Nitric 3 - - - - | 0'008 — None. —- 
Total nitrogen, by Kjeldahl, with re- 0°179 — 0-301 — 
duction. 
Blank) <“icsn =) Ee - (0:22 in 0°48) — (0°33 in 0°82) —— 
“X” nitrogen - - - : - 0069 tein. 0:098 — 
Organic nitrogen, by Kjeldahl, with 0°144 —— 0:204 — 
reduction. 
Organic nitrogen, by Kjeldahl, without 
reduction : 
Taking ammonia by distillation - 0°137 ane — — 
Oxygen absorbed from permanganate 0°56 waa 0:55 — 
at 26°7° C. (80 F.) ; at once. 
” ” ” after four hours DADS = Sots 1°41 fea 
Oxygen absorbed from permanganate 
by sample incubated for five days 
at 26°7° C. (80° F.); at once - : 0:44 —— 0°67 7 Six — 
5 3 13 after four hours 2°47 ieee! 2°50) J days. aie 
Smell after incubation aes - | Strong earthy. —- Earthy. No nitrite, — 
No nitrite. or trace only. 
Chlorine —- . - : Li sh 1°20 le as 260 


Parts per 100,000, by volume. 








Solids, by centrifuge - - - : 59°0 —— 16°4 a 
(1 minute.) (2 minutes. ) 1 
Gases: parts per 1,000, by volume. 
*Oxygen (by cuprous chloride) when About 3°5 Trace, About 1:0 —- 
sample was analysed. (Very green to read.) say 0°25 (Very green.) , 

PRSINOIES 5 66!) cag: Geen ee -|This liquid was | This sample | Brownish, but fairly | After _incu- 
yellowish, even | (brown-colour-| clear liquid. Some | bation this 
when filtered. | ed) smelt quite} brown sediment. | sample was 
Very considerable | sweet after in-| Peat smell. | putrid, smell- 





*Note.—The yellow or brown colour | amount of dark- cubation; any| Nearly neutral, | ing strongly | 
e e 


of these waters would make the read- | brown sediment. slight smell was perhaps slightly | of sulphi 

ings of the dissolved oxygen by the | Distinctly acid, | more earthy | acid in the sure It was not 

copper chioride method too low. and more so after | than peaty.| and the same on analysed. 
boiling. Earthy | Strongly acid! boiling. 

smell. Very little | in the cold. 





lime. Very ap- wale na Note.—This sam- 

ypreciable amount of sulphate. ple, like No. 279, 
mall amount of ferrous iron. was alsofrom peat | | 
Note.—This peat land was on | !@nd on the farm. 


the sewaze farm. 


clan caer, 2 aie 



















Tuesday, 28th May’ 
1901, 12.15 noon, 


161° C, (61° F, 
244° C. (76° F. 


29th May 1901, 
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WORSLEY SEWAGE FARM, 1901. 
Brook Waters. 


280a 


Brook WATER 
containing effluent, 
drawn 20 yards below 
outfall 
(muddy when drawn). 











Wednesday, 15th May 
1901, 12.45 noon. 


117° C. (53° F.) 
19°7° C. (61° F.) 


16th May 1901. 


284 288 289 
BRooK WATER BRooK WATER BRooK WATER 
above effluent outfall above effluent outfall (opalescent) 
(muddy coloured). (opalescent). drawn 150 yards 
below effluent outfall. 
Monday, 20th May 1901, | Tuesday, 28th May | Tuesday, 28th May 


4.45 p.m. 
15:0° C. (59° F.) 
21° Cz (70% FE.) 


2nd May 1901. 


1901, 12.35 noon. 
17°8° C. (64° F.) 
26°7° C. (80° F.) 


30th May 1901. 


1901, 12.45 noon. 
17°8° C. (64° F*) 
26°7° C. (80° F.) 


30th May 1901. 





Turbid. 
0°50 
0:09 

None. 
0:08 
0°78 

(0°22 in 1°35) 
0:11 
0°20 


0°26 
0°49 


1°58 


0°72 
1°49 


Putrid; black. Sul- 
phide smell. 


. 29°28 





160 
(1 minute.) 


None. 


| Liquid yellow, even 

+ when filtered. Dis- 
tinet sewage smell 
on warming. Lime, 
very considerable. 
Sulphate, very much. 
Ferrous iron, none. 
Ferric iron, moderate 
amount. 





6225. 








Turbid. 


0:59 
0:09 
None. 
0:13 
0:87 
(0:22 in 1°48) 
0:06 
0°15 


0°18 
0°16 


0°81 


0:06 
0°67 


Seven 
days. 





Earthy; sweet. No 
nitrite. 


36°30 





TEC | 
(1 minute ) 


Two 


About 0 ec 


This water had a slight 
brown tinge, and was 
a trifle opalescent. 
Rather considerable 
amount of aggregated 
dark brown sediment 
(much for a _ brook 
water). Earthy smell. 
Faintly alkaline. 
Lime, considerable 
amount. Sulphate, 
very large amount. 
Ferrous iron, probably 
a little. Ferric iron, 
none. 





Turbid. 
2 drops 
0°70 + Na,COs 
ag. added. 
0°12 
None. 
0:02 
0°92 
(0°22 in 1°56) 
0-08 
0°20 


0°20 
0°33 


1°43 


0°76 
1°70 


Putrid ; black. 
of sulphides. 


39°6 


Smell 


12°3 
(1 minute.) 


None. 


Opalescent ; contained 
much sediment for a 
brook water. Slightly 
yellow when filtered. 
Sewage smell with 
trace of sulphide smell. 
Lime, very consider- 


able. Sulphate, a 
great deal. Ferrous 
iron, small amount. 


Even next day (31st 
May) with the bottle 
half empty, the smell 
was putrid. 


Mm 








0°73 
0:09 
None. 
Not done. 
0-91 — 
(0°33 in 1°49) 
* 0:09 
0°18 


1:26 


0-90 
1°50 
Strongly putrid. 


33°8 


27:0 
(1 minute. ) 


Opalescent, slightly 
yellow liquid. Sedi- 
ment was brownish- 
grey. Sewage smell. 
Alkaline. 
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Mechanical Analysis of Soils and Subsoils, together with deductions 
drawn from this. 


By G. McGowan and R. S. Fintow. 





As was recognised thirty years ago by the Rivers Pollution Commission, 
the purification of sewage by filtration through a soil depends largely upon 
the physical structure of the latter, as well as upon its depth. It was 
therefore thought advisable to make a careful mechanical analysis of the 
soils of those sewage farms which have. been under prolonged observation. 
In the case of stiff clay soils, through which little filtration can take place, a 
mechanical analysis has, of course, less value than in the case of porous 
soils. 


Some of the main points in connection with the filtration of water 
through soil are admirably summarized by Whitney in the U.S. Weather 
Bureau Bulletin, No.4, as follows :— 


“The circulation of water in the soil is due to gravity, or the weight of 
water, acting with a constant force to pull the water downward, and also to 
‘surface tension, or the contracting power of the free surface of water (water- 
air surface), which tends to move the water either up or down, or in any 
direction, according to circumstances. There is a large amount of space 
between the grains in all soils in which water may be held, ranging from about 
thirty per cent. in light sandy lands to sixty-five or seventy per cent. in stiff 
clay soils. The relative rate of movement of water through a given depth of 
soil will depend upon how much space there is in the soil; upon how much 
this space is divided up, 7.e., upon how many grains (particles) there are per 
unit volume of soil; upon the arrangement of the grains of sand and clay ; 
and upon how this skeleton structure is filled in and modified with organic 
matter. It also appears that the ordinary manures and fertilizers change 
this surface tension or pulling power of water; that they also change the 
arrangement of the grains, and consequently the texture or structure of the 
soil may be changed and the relation of the soil to water, through the effect 
of the ordinary manures and fertilizers in causing ficcculation or the 
reverse.” 


The volume occupied by any given weight of a soil is only partly filled 
up by solid particles, there being small air spaces between these. Owing, 
however, to the vastly greater number of particles in heavy soils, their 
individual air-spaces are very much smaller than the individual air-spaces of 
a sandy or a gravelly soil. Filtration therefore proceeds with much greater 
difficulty in the case of clay, owing to increased friction. It can of course 
be seen at a glance that, in a given volume of a coarse gravelly or sandy soil, 
there must be a smaller number of particles than in an equal volume of a 
light loam, and similarly it is evident that a light loam contains fewer 
particles than a heavy loam or a clay. | Experience has proved that a light 
loam gives better results, as regards sewage purification, than either sand on 
the one hand or heavy soil on the other, but it was with the hope of finding 
a more or less definite relation between the number and size of the particles 
in a soil and the purifying powers of that soil that this investigation was 
undertaken ; or, to put it differently, one object of this investigation was to 
attempt to find an approximate limit—as regards efficient filtration of 
sewage—for the number of particles permissible in unit volume of a soil. 
The main object was to see whether the mechanical analysis of a soil and 
subsoil would afford data of a sufficiently definite character to allow of an 
approximate calculation being made as to the amount of sewage which that 
soil and suksoil would purify. 


r. 


6625. MM Sh 
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The Taking of Samples of Soil for Analysts. 


The correct sampling of a soil or subsoil for analysis is obviously of 
fundamental importance, as all the other results depend upon it. How this 
was done on the different farms is described in the Engineering Report,* 


but it may be shortly abstracted here :-— 

Six small tins were used for each sample of soil and six for each subsoil. Further, 
each tin of soil contained three approximately equal portions drawn from different parts 
of fields within the irrigable area of the respective farm, those fields of course not being 
under sewage at the time. The whole sample, which weighed about 3 kilos. (7 lbs.), thus 
consisted a eighteen separate typical portions, and it represented the soil (a) actually 
at the surface and (b) at about the middle of its depth. 


The subsoils were sampled in the same way as the soils, but each tin contained only 
two portions. The respective depths at which the latter were taken were (a) 12 inches 


and (b) 18 inches below the base of the soil. 


Sub-sampling in the Laboratory. 


On receipt of the samples at the laboratory, they were spread out on paper on the 
floor of an empty room, in which there was a free circulation of air, being merely 
praeee from dust. Here they were allowed to remain until “air-dry, ” the time given 

eing one month and upwards. 


When required for analysis, the following method of subsampling was employed : 
—The whole sample after careful mixing and cautious crushing of lumps, care being 
taken not to break brittle stones, etc., was divided into four parts ; two opposite segments 
were mixed and the process of subdivision repeated. This frst subsample having been 
weighed, any large stones and gravel, after being rubbed with the finger to remove fine 
earth, were taken out and weighed also, the detached soil being added to the rest of the 
finer matter. This latter was then divided again, if necessary, and suitable weights 
were taken for analysis. The proportion of stones added to the earth in this final small 
subsample was calculated from their relative weight in the large subsample. 


The following example will serve to illustrate the foregoing :— 


grams 
Weight of first subsample (stones and earth) - - - - = 6516 
Weight of stones and gravel - - - - - - - - = 14471 
.. Weight of earth = - - - ~ - - - . - - = 5075 
Weight of earth in final subsample — - - - - - - - = 300 


By proportion :— 
507°5: 144°1=30: «, where « is the proportion of stones for 30 grams earth. There- 
fore «= 8'52 grams. 


Thus, total “air-dry” weight of final subsample = 38°52 grams. 


_ The sample of air-dried soil for analysis having been thus prepared, a determination 
of moisture was made by drying another portion—obtained in the same way—at about 
110° C., cooling and weighing; the loss of weight being taken as moisture. The “dry” 
weight of the sample for analysis was calculated from this. The loss on ignition, which 
includes organic matter, combined water, etc., was then estimated in the dry residue from 
the moisture determination. 


Method of Mechanical Analysis. 


_ The method employed was essentially that of Osborne, which is one of 

sieving and ‘beaker elutriation.” (Connecticut Agricultural Experiment 
Station Annual Report 1886, pp. 141 et seq.; also Wiley, “ Principles 
and Practice of Agricultural Analysis,” Vol. I., p. 196.) 


The following is a detailed description :— 


Steving:—The sieves, the holes in which were circular, had mesh diameters ot 
2°0 m.m., 1:0 m.m.. 0°5 mm., and 0:25 m.m. respectively. 


_ A-weighed portion of, say, 15-40 grams. of the subsample of soil was first soaked. 
e water for a short time and then passed through the sieves in the descending order of 
t ce mesh diameters, this process being aided by gentle rubbing with the finger and by 
as ae stream of water from a wash bottle. The undersurtace of the finest sieve was 
wetted before commencing, The several portions retained by the sieves were then 
collected separately, dried at 110°, and weighed. 


“ Part IV.: Engineering and Practical Report. 
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Elutriation.—By this process the Rerudes which have passed through the finest 
sieve are separated into four grades, the limits of size of which are :— 


(a) 0°25 m.m. to 0:05 m.m. diameter, called “sand. ” 
(6) 0:05 m.m. to 0°01 m.m. diameter, called “ silt.” 


(c) 0:01 m.m. and below, which settles through about 9 inches of water in 24 hours, 
called “dust.” 


(d) The residue remaining in suspension in the water after the dust has settled, 
called “clay.” 


The measurements refer to particles of colourless crystalline matter, mainly silica, 
non-crystalline matter being neglected. 


These last four grades are obtained in the following manner by means of a series of 
fractional subsidences from water, the freedom or otherwise of the sediments from 
particles above or below any pair of the foregoing limits being ascertained by means of 
the microscope and scale. 


The turbid liquid from the sieving is allowed to stand for, say, ten minutes, in order 
that the coarser particles—sand and silt—may settle as completely as possible. It is 
then decanted from this first sediment and allowed to stand for a further period of ten 
minutes. If, after again decanting, this second sediment is free from sand and silt, the 
liquid, which we may call A, is set aside. The various sediments from these decantations, 
rach contain all the sand and silt together with some dust and clay, are now mixed and 
gently rubbed, either with the finger or with a rubber pestle, to break up aggregates of 

ust and clay ; water is then added and the whole is vigorously agitated with a rubber- 
tipped rod, so as to get all the solid matter into temporary suspension. After standing 
for a minute or two the turbid liquid is decanted, the whole process being repeated time: 
after time with the sediment until, on standing for about one minute, the supernatant 
liquid is seen to be quite clear. The sediment (8), is then, as a rule, free from dust and 
clay, but the microscope must of course decide this question. 


Having ascertained that the several decanted liquids contain no particles larger than 
dust, these are mixed with liquid A in a vessel about nine inches high, and the whole is. 
thoroughly stirred and allowed to stand for 24 hours. The turbid liquid B is then 
siphoned off, and the sediment, dried at 110° C., is weighed as dust. B is now treated with. 
3 c.c. per litre of nitric acid and set aside, for several days if necessary, until the whole 
of the matter in suspension has settled. The clear liquid, which usually amounts to: 

5-10 litres, is then siphoned off and thrown away, while the sediment is dried at 110° C. 
and weighed as clay.* 


The sand and silt in sediment S are also separated by successive subsidences and 
decantations, the times of subsidence being suitably adjusted. When no more silt can 
be easily removed without decanting sand as well, the Ae inta non is done into a second 
vessel, and the subsidences timed so as to remove as much silt as possible. In this way, 
with care, three-quarters of the sand is obtained free from silt. The mixed silt and 
sand in the second vessel are then treated again in the same way. It is obviously 
impossible to make a complete separation, but, by a sufficient number of decantations, 
the weight of the mixed fraction becomes very small, and then the fraction can be 
divided equally between the “sand” and the “silt.” The separate fractions are lastly 
dried at 110°C. and weighed. 


The remarks in the last paragraph apply equally of course to the separation of any 
two fractions. 


It will be found in practice that the work of separating the various fractions, as. 
above described, is laborious. This is especially the case with heavy soils, where the 
ageregates of clay and dust cause great difficulty by subsiding along with sand or silt. 
Of course, if the clay aggregates are not broken up, the result is inaccurate, the tendency 
being for sand and siit to be too high at the expense of dust and clay. 


Two remedies have been proposed for this. The first one is that the soil should be: 
boiled for a long time—up to 36 hours—before commencing elutriation. This was. 
found to shorten the process considerably ; but the boiling is said to break up the “ sand” 
fas to some extent, and thus to raise artificially the percentages of the finer fractions, 

wo analyses of the Leicester soil—boiled and unboiled before elutriation—are given for 

urposes of comparison. It will be seen in Table A, however, that in this case the 
fi deronices in the finest fractions are not very great. The other remedy, which seems. 
more reasonable, is to add a little ammonia to the elutriating water. The ammonia 
breaks up the aggregates in virtue of its tendency to bring “clay” into the colloid form. 
Unfortunately, time did not allow of our trying this. 


* The nitric acid of course dissolves any lime present in the “clay” fraction, and hence it. 
would be necessary to substitute some salt for this acid as a precipitant, if calcareous soils were 
being examined. 
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The following Table A gives the percentage figures of the mechanical 
analysis of eight soils and four subsoils, carried out as has just been 
described. They are :— 

Nottingham Farm soil and subsoil. 
Cambridge Farm soil and subsoil. 

Croydon (Beddington) Farm soil and subsoil. 
Aldershot Camp Farm soil and subsoil. 
Altrincham Farm soil. 

Rugby Farm soil. 

Leicester Farm soil. 

South Norwood Farm soil. 

Two series of results—“ ignited” and ‘unignited ’’—are given in this 
table. The “unignited ” results were arrived at by drying at 110°C. the 
fractions obtained by sieving and elutriation, and calculating the percentages 
on the original weight of soil taken, dried at 110°C. The “ignited ” results were 
obtained by igniting the fractions, or suitable portions of them, after 


drying at 110°C., and calculating the percentages of the residues on the 
original weight of dry soil. 


A separate determination of the loss on ignition, made in a fresh sample, 
will be seen in most cases to agree substantially with the sum of the losses 
sustained on ignition by the various fractions taken together. 


No further explanation of this table is necessary here, as Tables C and 
D, which are derived from it, are discussed in detail later on; but a very 
casual examination of it will shew how widely the various types of soil differ 
in their mechanical composition. | | 


With regard to the fractions of “dust” and “clay,” it must of course be 
remembered that the diameters assigned to their particles cannot be taken 
as exact. Still, various workers, after careful observations, have come to the 
conclusion that the values given to them are approximately correct. 


Briet Description of the Sotis and Subsoils analysed. 


Aldershot. Surface soil is a shallow sand, 6 inches to 10 inches deep. 
Subsoil is also sand, but mixed with reddish friable matter of an exceedin gly 


fine texture, a little gravel occurring in parts. There were also small agere- 


gates of very fine iron-green coloured material. Drains 3 feet 3 inches deep 
on the average. 


Cambridge. Soil is a sandy loam 12 inches to 15 inches deep, overlying 
a compact stratum of gravel and sand, 6 to 10 feet deep, Gault clay below. 
Drains 3 feet 6 inches to 6 feet deep. 


Nottingham. Soil is a light loam 7 inches to 15 inches deep, while the 
subsoil is coarse river gravel. Drains, 6 feet to 10 feet deep. 


Beddington. Light loamy soil 12 inches to 18 inches deep. Subsoil is 


gravel and sand 6 feet to 12 feet deep. Where there are drains, these are 
4 feet to 9 feet deep. . wep: 


Altrincham. Black porous soil of decomposed peat mixed with sand, 
overlying fine white sand and gravel. Drains, 3 feet 9 inches deep. 


Rugby. Heavy loam 10 inches deep over yellow clay, but pot-holes of 
gravel occur in places. 


Leicester. Stuf clayey soil overlying dense clay. 


South Norwood. Cla, il i ut ifici : 
yeti ane yey sou, somewhat ‘ lightened” artificially, over 
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RESULTS OF MECHANICAL ANALYSES GIVEN IN PERCENTAGES. 
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TABLE A. 





RESULTS OF MECHANICAL ANALYSES GIVEN IN PERCENTAGES. 





(1.) SURFACE SOILs. 








Name of Fraction. 














NOTTINGHAM. CAMBRIDGE. 
Percentages. Percentages. 
Not a Differ- Not : Differ- 
Tenited. nies ences. Ignited. Toutes ences. 








c.m. 
** Gravel” - - - Mean diameter = 1:0 
Fine “ gravel” : . ‘ = 0°35 
Fine ‘‘ gravel ” - - af Fe = 0°25 
” oe) = 0:15 
‘Coarse “sand ” 
” yy = 0°075 
Medium “sand” - 2 3 ry = 0°0375 
ce Sand ” = = ba 2 3”? 39 os 0-015 
Si] ae = = - 3 A = 0:003 
“ Dust,” z.e., below 0°001 
c.m. diameter, which gat re 
settles from water in We 2 0 Oe 
24 hours 
a Clay,” 2.€., the residue) 
in suspension which A — 0000255 


is precipitated by | 2? 
dilute nitrie acid 


Loss on ignition, determined in a Wg parle O 
soil, as described above 


TOTALS 


17:20 16°67 


1:88 1°59 

1:44 1°31 

| 3°54 3°44 
45°14 44-24 
17:00 15°42 
11°16 8°89 
1°74 1°44 

oe 6-16 





(2.) SUBSOTLS, 






































Name of Fraction. 





€.m. 


“ Gravel ” Mean diameter = 1:0 


Fine “ gravel ” - . * 3 =TOsoo 
Fine “ gravel” - a o > = 0°25 
‘Coarse ‘‘ sand” - | ‘ 4 0 

» » = 0:075 
Medium “sand” - - . 3 = §:0375 
SiS ari name - e ‘ = 0°015 
aes irae oem bea | See » = 0-008 


“ Dust,” 4.¢., below 0:001 
c.m. diameter, which 


settles from water in a2 2 RULE 
24 hours - - - 

“Clay,” i.e., the residue 
m suspension which = 0:000955 


precipitated by Mg 4 
aitere nitrie acid = - 


Loss on ignition, determined in a popernte sample of 
subsoil, as described above- - - - - 


TOTALS a= =e 


NOTTINGHAM. 


CAMBRIDGE. 





Percentages. 


Percentages. 





Not 
Tonited. 


Ignited. 
25°47 
14:99 

0°00 





0°67 





Differ- Not 


ences. Ignited. 


Differ- 


Ignited. mga 


























- 


ee ee eee 
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a 


s 


a re 


ee ae 
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Cle pumea. 
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RESULTS OF MECHANICAL ANALYSES GIVEN IN PERCENTAGES. 





ee 


(1.), SuRFAcE. Sorzs. 

















UTRINCHAM. 

















SCATTER ELENA SPT REESE ST NU PMT SATS EP SET 




























































































BEDDINGTON. ALDERSHOT. 
Percentages. Percentages. Percentages. 
Not Differ- Not ; _ Differ- Not Differ- 
Ignited. bi fe ences, Ignited. Ignited: ences, Ignited. Ignited. ences. 
2267 22°67 2S & — fe ag 
11°34 10°97 0°37 = os ust es 
= a as 39 | meno4 * 4°85 1-49 
(0°88 0:80 0:08 OAc | | 0:62 _ 2-05 1-1 
0-63 0°59 0:04 0:60 0:53 2:37 1-28 
1-75 1-70 0-05 1:35 1:27 5°60 1-20 
40°16 39-14 1-02 82-67 81°76 33-22 434 
14:32 12°53 1°79 4:19 2-93 16-44 10°72 
6:88 5°56 1°32 3100 | 205 7°64 3°31 
o-71 0°57 0-14 0-357 =| 0:24 213 0°70 
ate 5°46 4 4 3°60 23-24 are 
99°34 109-09 4°31 99-26 98°94 97°54 24-15 
A RR MURR eda aaa REESE AED ee a AREAS AE AST TTS SN 
(2.) SUBSOILS. | ‘ 
=e 
BEDDINGTON. ALDERSHOT. 
- | 4 
‘Percentages. : Percentages. ; 
l . 
Not i f Not Sieh path Le 
Ignited. Ignited. | Ditlerences. Ignited. Ignite. | Diferefices, 
| 
57°47 — — - —_ 
19-28 = — — -- _ 
0-00 = — 1°52 1:50 0-02 
2-01 “a 0-90 0-87 0-03 
1-14 Soe ee 0°45 0-44 0-01 
2:56 2 1-29 1-28 0-01 
14°16 — ~ 80°13 79°50 0°63 
0-98 _ Me 6:58 6-21 0:37 
2°48 _ a 5°52 513 0:39 
0-25 _ = 2-62 2:28 0°34 
ee Pal La als 1°80 — 
100°33 -- = 99°01 99-01 1°80 
 E————— | COTES OF RS) CT 


N wn 








Ee 
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Taper A~continued. 


Resuitts oF MEcHANICAL ANALYSES GIVEN IN PERCENTAGES—continwed. 





(1.) SURFACE SoILs. 
oe 





RUGBY. LEICESTER (not boiled). 
H Pere : 
Namect Praction) Percentages ercentages 
Not Differ- | Not Differ- 
Ignited. Ignited. | ences. Ignited. Ignited ences. 
e.m. 
“Gravel” - - - Mean diameter = 1°0 _ — — => _ _— 
Fine “ gravel” . 4 3 Be = 0°35 Bs al rm a, ee web 
Fine“gravel”  - - S04) t0-S5 P33) 3:17 0-14 5-66 4-63 1:03 
i ~ BDL 1:13 1°04 0:09 2-38 1°81 0°57 
Coarse “sand” - 
4 8 E005 1:18 1:13 0-05 1-28 0:97 0°31 
Medium“ sand”  - - s = 0°0375 2°06 1°96 0:10 2:28 1:72 0°56 
€Sandaieen yeh ee ae yl OIE 36°74 35°91 1:83 37°02 34°16 2°86 
Silt” - - - - rh .; = 0:003 Fs 2-51 21°88 3°63 35°23 29°75 5°48 
“* Dust,” z.¢., below 0-001 
peer here eT ef ok » = 000075 | 2144 | 1929 | 3:15 10°98 9°30 | 1-68 
24 hours - . : 
“Clay,” t.c., the residue 
un euspension ay nice = 0°000255 7°40 6°46 0-94 4°61 3°88 0°73 


is precipitated by ?? ? 
dilute nitric acid 


-Loss on ignition, determined in a separate sample of 
soil, as described above’ - . - - - : — 9°24 — — 11°52 — 


TOTALS +e 98°77 99-08 8°93 99°44. 97°74 13°22 


ae 


ed tee 


oo . - 


ie 1 be oe 


~ 
4 
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TABLE A—continued. 


ReEsvuLts oF MECHANICAL ANALYSES GIVEN IN PERCENTAGES-—continued. 


(1.) SurFAcE SoIzs. 





LEICESTER (boiled). SoutTH Norwoop, 





Pereentages. Percentages. 





Not Differences. 


: i Not ae 
Ignited. Ignited. Differences. nis ay | Ignited. 








0°22 


5°79 


3°38 


597 


0°03 














6225 Nw ? 
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Real and Apparent Specific Gravities of Soils and Subsorls. 
In order to complete the data for the calculations to be enumerated 
below, it was necessary to determine the “real” and “apparent” specific 
“es and the real and apparent specific volumes of the various soils and 


gravities a Os ae : 
The purposes for which these determinations were required 


subsoils. 


were :— eek 
(a) The approximate estimation of the percentage air-space or 


“ porosity ” im 

(0) The approximate estimation of the numbers of particles (1) 
per gram and (2) per cubic centimetre of the soil or subsoil, and, 
depending on these :— 

(c) The total surface area exposed by the particles per gram and 
per cubic centimetre of the soil and subsoil, respectively. 


“ Real” Specific Gravity and “Real” Specific Volume. 

The “real” or true specific gravity is defined as the mass of a given 
volume of the soil compared with the mass of an equal volume of water. 
The “real” specific volume is defined as the volume of a given mass of the 
soil compared with that of an equal mass of water. 

It will be seen from the above definitions that the “‘real” specific 
volume is the reciprocal of the “real” specific era; 1.8. — 





« ”? = a 
¢ me= eae 5 
real” specific volume = <5)» specific gravity. 


If therefore either of these is determined, the other can be arrived at by 
calculation. 
Determination of “ Real” Specific Gravity. 

The method employed was that of the specific gravity bottle, which is too well known 
to need description. It suffices to say, that in order to get rid of all air, the bottle 
containing the soil and water was warmed in a water bath and repeatedly shaken until 
no more bubbles were seen to come off. i 

Air-dried soil was used for these determinations, but it was afterwards found 
necessary to obtain values for the soil dried at 110°C. In making this calculation, 
therefore, the moisture was regarded as existing in the liquid form, and its weight and 
volume were subtracted from the weight and volume, respectively, of air-dried soil taken. 


Samples of all the soils, excepting that of Aldershot Camp, which 
contained comparatively little organic or volatile matter, were ignited, and 
the real specific gravity of the residue determined by the same method. In 
the case of the Aldershot Camp soil and the various subsoils, the specific 
gravity of the material dried at 110°C. was taken as being sufficiently near 
the ignited value for the purposes of the calculations. 


“ Apparent” Specific Gravity and “Apparent” Specific Volume. 


The interstitial spaces of all soils are filled with air or gas. Ifa volume 
V ccs. of soil, including the air spaces, weighs mgrams, then the ratio 


which gives the mass of one c¢.c. is defined as the “apparent” specific 


gravity of the soil. The reciprocal of this ratio, @¢, >, which gives the 
volume of one gram, we have termed the “apparent” specific volume of the 


soil. 


_ _ For the determination of these values, the air-dry friable soils were gently tapped down 
in a 500 c.c. cylinder, which was weighed before and after filling. The cave of the 
500 c.cs. of soil was thus obtained, and the ratio of the weight to the volume gave the 
“apparent ” specific gravity of the air-dry soil. The same calculation was employed. as 
in the case of the real specific gravity to get the apparent specific gravity of the soil 
dried at 110°C. As the cylinder method was found inapplicable to heavy clay soils, 
their apparent specific gravities were arrived at approximately by measuring and then 
weighing a symmetrical block of the soil after drying it at 110° C. The ratio of the dry 
weight to the volume as obtained by measurement was taken as the apparent specific 
gravity. For example :— 

Weight of dry block = 57:44 grams. 

Dimensions of dry block = 4°5 x 4°4x 2°15 em. 

. Apparent 1 ity Oe 

pp specific gravity O87 1:35. 

42°57 


57-44 = 0°74. 


“Apparent” specific volume = 


a ee 


eittie ata 
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Several determinations were made in each case, and the mean result was taken. The 
agreement between the results from separate blocks of the same soil or subsoil was on 
the whole fairly good. 


Percentage Air Space or “ Porosity.” 


The “porosity” was deduced from the two specific volumes in the 
following way :— 
Let V, be the apparent specific volume. 
Let Vp be the real specific volume: 
Then V, — Vz = air space 
and, by proportion :— 
. Percentage air fet 
or “ porosity” 





111100. (Wii SoVay 
o ‘A 


Determination of Weight of Water held by a soit. 


A column of the air-dry soil contained in a wide glass tube, perforated at its closed 
end with a few small holes, was first weighed and then thoroughly soaked with water 
trom below upwards, in order that the air present might escape easily. It was then allowed 
to drain, being gently tapped from time to time, until no more drops of water came 
away, when its weight was again taken. From the difference between the weights of 
the dry and wet columns, the percentage weight of water retained was calculated. 


The following Table B gives the results of the determination of— 
a. ‘The real and apparent specific gravities of the various soils and 
subsoils dried at 110° C. 
b. The real specific gravity ofall the ignited soils excepting that of 
Aldershot Camp. 
c The deduced “porosity” in all those cases where both real 
and apparent specific gravities were determined. 
d, ‘The weights of water held by 100 grams of the respective 
air-dried soils. 
The last column of figures (d) is included in this table because the 
weight of water held by a soil must depend in part at least on the percentage 
of air space in that soil. 
































TABLE B. 
| . o 
“Real” — * Real” “ Apparent ” |  Deduced ania ee a - 
Name of Fam. | 9 | “Ghsoil dr aude | *Pecific gravity | “RPI SETY | “Porosity” or | 100 grammes of | 
Subsoil. soil dried at of the ignited soil dried at percentage i on (in 
Eos soil or subsoil. pets air space. grammes. ) 
Nottingham - Soil - 2°566 2°720 1442 43°8 32°5 
Nottingham - Subsoil 2°695 Not done 1°773 34:2 20°1 
Cainbridge - - | Soil - 2°603 2°726 1-434 44-9 30°3 
‘Cambridge - - | Subsoil 2°631 Not done 1-821 30°8 14°3 
Beddington’ - - | Soil - 2°512 2°632 1-414 43°7 37°0 
Beddington - - | Subsoil 2°496 Not done 1°843 26°0 10°5 
Aldershot Camp - | Soil - 2°526 = 1-467 42-0 29°4 
Aldershot Camp - | Subsoil 2°579 — 1:469 43-0 28°8 
Altrincham - - | Soil - 2-377 2946 0°858 63:9 71°5 
Altrincham - - | Subsoil 2 a ae af = 
micby. -  - ° - | Soil - 2-595 2-875 1°68 35°3 55-9 
Rugby - - - | Subsoil — _ 1-622 — = 
Leicester - -  - | Soil - 2-520 2°704 1-245 50°6 47°5 
Leicester - - - | Subsoil — oat) 1°796 2a = 
‘South Norwood - | Soil - 2°308 2°722 1-223 47°1 64°3 
South Norwood - | Subsoil _ —_ 1°884 eo jean 





ee 


sa 


ee ee ee 

















286 


regol for real specific 
It is noticeable in the foregoing table that the results | sp 
gravity all lie practically between the limits 2°50 and 2°70, South Norwood 
and Altrincham being excepted. Those results, as will be seen later, are quite 
+n accordance with conclusions arrived at from other independent data. 


The “ ignited ” real specific gravities are also within fairly narrow limits. 


The Altrincham figure, if compared with that for the unignited soil, at 
once corroborates the presence in the latter of the large percentage of 
organic or volatile matter of low specific gravity, whichiis shown in Table A. 


These apparent specific gravities, though correct as far as we can judge, 
are not so concordant as might be wished. The results for Nottingham, 
Cambridge, and Beddington soils and subsoils are very close, but amongst 
the heavy soils there is some discrepancy. For instance, the figures for 
South Norwood and Leicester are, as would be expected, low ; but that for 
Rugby, contrary to theory, is high. The value for Altrincham indicates the 
bulky nature of a peaty soil. 


The “ porosities” tend generally to shew, though not very satisfactorily, 
that very coarse material, such as the subsoil at Beddington, has less aggre- 
gate percentage air space than finer soils. 


The results in the last column of the table, 7.¢., weights of water held by 
100 grams of the soils, also confirm the argument that the finer soils have a 
greater air space than the coarser ones. 


Having obtained the percentage weights of the various fractions in a 
given soil and the real and apparent specific gravities of that soil, the next 
step was to deduce (1) The comparative number of particles in unit weight. 
of the soil; (2) the surface exposed by the particles in unit weight ; and (3) 
the aggregate filtration surface in the whole depth of soil and subsoil actually 
in use at a given farm. 


Number of Particles in Unit Weight of Soil. 


(1) To arrive at the comparative number of particles, several assump- 
tions which are only partially justifiable have to be made, namely (a) that ali 
the particles are spherical; (b) that they are arranged in the form of a 
“cubical lattice,” 7.¢., a block of cubes reduced to the inscribed spheres, 
the latter being supposed to retain their relative positions; (c) that no. 
account is taken of the organic matter present. Thus, the results are not to be 
looked upon as representing accurately the absolute number of particles in 
unit weight of soil, “they only give approximate and comparative values 
for comparing one soil with another. The structure of the soil is altogether: 


too intricate for us to expect ever to obtain absolute values” (Whitney, 
loc. cit.) 


Opportunity may be taken at this point to express our admiration for 
the comprehensive and systematic work on the physics of soils which has 


been carried out by various American chemists, e.g., Whitney, Wiley, Hilgard 
and Osborne. 


The following table, C, gives the number of particles in one gramme of 


soil or subsoil, corresponding to the percentages in Table A. 


In Table D are given the surface areas, in square centimetres, of the 


particles in 1 gramme of the soil or subsoil, these last figures being deduced. 
from those in Table C, 


In Table E are to be found comparative figures for the filtration surfaces : 
(1) in the whole depth of the soil; (2) in the whole depth of the subsoil 
down to the drains; (3) in the whole depth of soil and subsoil together down 
to the drains, all these being referred to the soil and subsoil of N ottingham 
as standards; only it must again be repeated here that, with regard to. 
Beddington, this merely applies to about 100 acres, or one-quarter of the. 
entire irrigable area, and not to the area used for surface irrigation, 


eo 
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NUMBER OF PARTICLES IN ONE GRAMME OF IGNITED SolIt. 
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TABLE C. 


—_—_ 





NuMBER OF PARTICLES IN ONE GRAMME OF IGNITED SOIL. 


I 





Mean Diameter 
of Fraction 
in Centimetres. 


1:0 

0°35 

0:25 

0-15 
0-075 
00375 
0-015 
0-003 
0°00075 
0:000255 


TOTALS - - 


Nottingham 
Soil. 


4 
23 

493 

98,970 
4,312,000 
159,100,000 
655,680,000 


819,491,000 


Nottingham 


Subsoil. 


| 





Cambridge 
Soil. 





Cambridge 
Subsoil. ° 





Beddington 
Soil. 








By — 4 2 

is 2 9 oe 
6 3 i 2 
50 30 73 ll 
1,118 555 1,088 247 
85,395 130,870 84,910 85,987 
481,800 4,384,200 540,870 3,558,500 
27,922,000 105,147,000 18,191,000 101,060,000 
261,510,000 504,460,000 157,270,000 263,590,000 
290,000,371 614,122,660 176,087,963 368,297,689 








Beddington 
Subsoil. 


5 

21 

371 

32,075 
277,490 
44,941,000 
115,260,000 


160,510,965 


a 


TABLE D. 


SurFacE AREA IN SQUARE CENTIMETRES OF THE PARTICLES IN ONE GRAMME OF IGNITED SOIL. 


_—— — 





Mean Diameter 


of Fraction 


in Centimetres. 


10 

0°35 

0°25 

0°15 
0°075 
0°0375 
0°015 
0:003 
0°00075 
0°000255 


TOTALS - 





Nottingham 
Soil. 


113 
0:00 
0°25 
0°41 
2°18 
69°96 
121 °92 
281°16 
13394 








Nottingham 
Subsoil. 


0°58 
0°95 
0-00 
0°44 
0°89 
4°94. 
60°36 
13°62 
49°34 
53°42 


Cambridge 


Soil. 


0°44 
0°23 
0°53 
2°45 
92°50 
12396 
185°83 
10305 








Cambridge Beddington 
Subsoil. Soil. 

— 0°55 
1°40 0°76 

Le. 0-00 

0°63 0:13 

1 29 0°19 

4°81] 1:09 

60°01 62°86 

15°29 100°62 

32°15 17858 

32°13 53°85 








184°54 





508 °99 


399°63 





Beddington 
Subsoil. 


1°38 
1°32 
0:00 
0°32 
0°37 | 
1°64 
2267 
7°85 
79°42 
23°55 
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TABLE C. 


NUMBER OF PARTICLES IN ONE GRAMME OF IGNITED Sol. 





Aldershot 
Soil. 


3 
1 

10 

191 
192,120 
860,600 
38,536,000 
114,785,000 


154,373,985 


Aldershot 
Subsoil. 


1 
2 

8 

185 

179,450 
1,752,200 
92,680,000 
1,047,500,000 


1,142,111,846 








1,284,209,668 


Altrincham Rugby 
Soil. Soil. 

3 2 
5 2 
49 20 
927 274 
85,884 78,676 
5,312,800 3,922,200 
158,010,000 320,570,000 
1,120,800,000 2,880,700,000 


3,207,341,174 





TABLE D. 


Leicester 


Soil. 


5 
3 
21 
199 

83,776 
7,131,000 
217,520,000 
1,979,600,000 





2,204,335,004 


Seuth Norwood 


Soil. 


210 
98,556 
4,307,900 
476,530,000 
968,060,000 


1,448,996,682 





SuRFACE AREA IN SQUARE CENTIMETRES OF THE PARTICLES IN ONE GRAMME OF IGNITED SOIL. 


a SS nn ee ES SS 














Aldershot Aldershot Altrincham 
Soil. Subsoil. Soil. 

0°59 0°14 0:42 

0:10 0°14 0°37 

0°18 0:14 0°87 

0°84. 0°82 4:09 

135°80 126°84 60°71 
24°33 49°54 150°21 

68°10 163°70 279-23 

23°45 213°98 228 97 
253°39 555°30 724°87 

6225. 


Rugby 
Soil. 


1382°01 





Leicester 


Soil. 


1052-07 





South Norwood 


Soil. 
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TABLE C 1. 


Dicest of Table “C,” in which the Numbers of Particles per gramme in the various ignited soils and subsoils down 
to the drains are referred respectively to the soil and subsoil of Nottingham as 1090 in each case. 








Relative Numbers of Particles. 


Name of Farm. 





Soil. Subsoil. 
Nottingham - - - - - - - - 100 100 
Cambridge “8 =. + °-1 343930 ee pe 7h 61 
Béddington’ boii +) 30 46 BB 
Aldershot Camp - - - - - - - 19 304 
Altrincham -  - - - - - - - 157 _— 
Rugby iy 02 he-e> Fe Sete! Stk ee eae 392 — 
Leicester - 2 : “ . F P 269 re: 
8. Norwood - - a chet) em ear ee eis Lia _ 
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The figures in Tables C and C 1 were obtained by means of the following 
formula, :—- 


6a 
re 7 a3 p. A 
where d is the mean diameter, in cms., of the particles in any fraction obtained by 


elutriation : 
a is the percentage of that fraction : 


p is the real specific gravity of the particles (assumed to be the same as 
toat of the whole soil): 


A is the sum of the percentages of all the particles in the ignited soil : 
m is the number of particles of mean diameter d per gram of the original 
soil. 


Corresponding values for each fraction into which the soil was resolved are 
substituted in this equation, and the sum of the values for » thus obtained represents 
the total number of particles in one gram of the soil, or, algebraically :— 


6 a, A, 
N = —— j—— + 7) ee 
rT pA a,’ d.,° 


where N is the total number of the particles in 1 gram of the soil. 





From Table C are derived the contents of Table D, by means of the 
following formula : | 
S= 7070 
where d is the mean diameter of the particles in any fraction: 
m is the number of particles of mean diameter, d, per gram of the soil: : 


S is the surface area, in sq. cms. of the particles of mean diameter d, in 1 
gram of the soil. 


By adding up the values of S, obtained by substituting values ford and n corre- 
sponding to the different fractions, we obtain the total surface exposed by the particles in 
1 gram of the whole soil, or, algebraically :— 


S=a(d?m +d? n, + ---) 
where 8 is the total surface of all the particles, in sq. cms., in 1 gram of soil. 


In using the formula just given for obtaining the number and surface of 
the particles per gram of a soil, the values of «a, p, and A taken were those 
obtained after ignition, the reasons for this being -— 


_1. That the values obtained for loss on ignition are by no means due 
entirely to organic matter, but also to combined water, etc., so that the actual 
percentage of organic matter was not known. 


2. That while organic matter has undoubtedly a considerable effect on 
the nature of a soil as regards filtration, etc. ; the magnitude of this effect is 
more or less a matter of conjecture. 


Table E is derived from Table D in the following way :— 


A section, one centimetre square, is supposed to be cut out of the soil and subsoil to. 
the depth of the drains. If d cms. = depth of soil, then the cubic contents of the 
section of the soil=d cubic ems. 


Again, if p, = apparent specific gravity of the soil, then the weight of the section of 
soil = dp, grams; and, if S. sq. cms. of surface are exposed by the particles in 1 gram 
of soil, then the total surface area exposed by d p, grams of soil = d p,. 8. sq. cms. 


Similarly :— 


Total surface area exposed by d! p,1 grams of the subsoil = d} p', S' sq cins 


-.S= Total surface area exposed by dp, grams soil + d! p!, grams subsoil 
= dp,S+d' p!, S! sq. ems. yan soe 
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After reading this section as it was originally written, Sir William Ramsay 
suggested to us that it would be better to give the numbers of particles and 
the surface areas per cubic centimetre of soil rather than per gramme. This 
could easily have been done by multiplying the figures per gramme by the 
“apparent” specific gravity of the ignited soil in question. But we had 
unfortunately not determined the latter value, and in some cases there was 
not enough of the sample left to allow of our doing so afterwards. We give 
below, however, the results obtained by using the wnignited “apparent” 
specific gravity as multiplier. In most of the cases the error thus introduced 
is not large, but it is probably considerable in the soils which contain 
comparatively large amounts of volatile matter, ¢.g., in those of Leicester 
Rugby, and—especially—Altrincham. These results are shown in ,the 
following tables B(a), C(a), D(a) and C,(a@), which correspond respectively 
with tables B, C, D and C, 


TABLE B (a). 


This shows the “ Real” and “ Apparent” Specific Volumes of the various soils and subsoils dried at 110° C., 


together with the deduced percentage Air space or “ Porosity.” 





























Name eens euirrue | species | Relneet || waterbody 
neat Subsoil, or subsoil dried | ignited soil | or subsoil dried | percentage ee nea fe 
; at 110° C. or subsoil. at 110° C. air space. (crammes.) 

Nottingham - - | Soil - - 0°39 0°37 0°69 43°5 32°5 
Nottingham - - | Subsoil = - 0:37 — 0°56 34°0 20°1 
Cambridge - - - | Soil - - 0°38 0°37 0°70 45°7 30°3. 
Cambridge- - -. Subsoil - 0:38 — 0°55 31°0 14°3 
Beddington - - | Soil - : 0°40 0°38 0°71 43°7 37°0 
Beddington eae Subsoil = 0-40 Ask 0°54 26'0 10°5 
Aldershot Camp - - | Soil - - 0°40 _ 0°68 41:2 29°4 
Aldershot Camp - - | Subsoil = - 0:39 _ 0°68 42°6 28°8 
Altrincham - - | Soil - - 0°42 0°34 ) ica 64:1 715 
Altrincham - - | Subsoil - — — — — _ 
Rugby - - - | Soil - - 0°39 0°35 0°60 35'0 55°9 
Rugby - -  -|Subsoil - — — 0°62 — —_ 
Leicester - - | Soil - - 0°40 0°37 0°80 50°0 475 
Leicester - - - | Subsoil - ~ — 0°56 — — 
South Norwood - - | Soil - - 0°43 0°37 0°82 47°6 64° 
South Norwood -  - | Subsoil_ - — — 0°53 — -- 











TABLE C. (a). 


NuMBER OF PARTICLES IN ONE Cubic CENTIMETRE OF Ia@niteED Sor. 



























































880-97 
























Mean Diameter | Nottingham Nottingham Cambridge Cambridge Beddington Beddington 
A portal cote Soil. Subsoil. Soil. Subsoil. Soil. Subsoil. 
1-0 — = = 7m sg) * 
0°35 4 4 — 7 3 6 
0°25 _ —_ 3 16 — — 
0-15 6 11 4 16 3 9 
0:075 33 89 43 133 16 38 
0°0375 api 1,982 796 1,981 349 683 
0015 142,720 151,410 187,670 154,620 123,000 59,116 
0:003 6,218,000 854,230 6,287,000 984,920 5,031,800 511,430 
000075 229 430,000 49,505,000 150,780,000 33,126,000 142,900,000 82,827,000 
0-000255 945,500 000 463,650,000 723,410,000 286,390,000 372,720,000 212,430,000 | 
ToTAns - 1,181,291,474 514,162,726 880,665,516 320,657,693 520,775,171 295,828,282 
j 
: 
TABLE D. (a). / 
; 
of 
SURFACE AREA, IN SQUARE CENTIMETRES, OF THE PARTICLES IN ONE CUBIC CENTIMETRE 4 
oF IGNITED Soin. * 
grimace Nottingham Nottingham Cambridge Cambridge Beddington Beddington — i 
in Centimetres. Soil. Subsoil. Soil. Subsoil. Soil. Subsoil. : 
ee = 1:03 — — 0-78 2:54 ( 
0°35 1°63 1°68 ex, 2°55, 1-07 9:43 q i 
0125 = _ 0°63 3:22 — - i 
O15 0:36 0°78 0:33 1°15 0°18 0-59 | 
0-075 0:59 1°58 0°76 2°35 0:26 0°68 } 
0-0375 314 8°76 3°51 8°76 1:54 3°02 b 
0-015 100-90 10702 13265 109-28 88°88 41°78 if 
0:003 175°80 24°15 177°76 28-00 142-28 14-47 ie 
sett oe 87-48 266°48 58°55 252°51 | 14637 | 
0-000255 193-15 94-7] ayaa see neat sie 
ToTaLs - er ea 7 Oe 
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TABLE C. (a). 


NUMBER OF PARTICLES IN OnE CuBic CENTIMETRE oF IGNITED Sotrt. 


























Aldershot Aldershot Altrincham Rugby Leicester South Norwood 
Camp Soil. Camp Subsoil. Soil. Soil. Soil. Soil. 

4 1 3 3 6 1 
1 3 4 3 4 2 
15 12 42 34 26 16 
280 272 795 460 248 257 
281,840 263,610 73,672 132,175 104,300 120,535 
1,262,500 2,574,000 4,558,400 6,589,380 8,878,100 5 268,700 
56,532,000 136,145,000 135,570,000 538,559,000 270,814,000 582,805,000 
168,390,000 1,538,760,000 961,660,000 4,839,690,000 2,464,620,000 1,183,950,000 
226,466,640 1,677,742,898 1,101,862,916 5,384,971,055 2,744,416,684 1,772,144,511 








TABLE D. (a). 








SURFACE AREA, IN SQUARE CENTIMETRES, OF THE PARTICLES OF ONE CUBIC CENTIMETRE 


Aldershot 
Camp Soil. 








0°87 
0°15 
0°26 
1°23 
19922 
35°69 
99-90 
34°40 





371°72 





oF IGNITED SOIL. 
































Aldershot Altrincham Rugby Leicester South Norwood 
Camp Subsoil. Soil. Soil. Soil. Soil. 

0:21 0:36 0°49 1-21 0-21 

0-21 0°32 0:27 0°26 0°13: 

0-21 0°75 0°59 0°46 0-28 

1-20 3°51 2°03 1°10 114 

186°33 52°09 93°42 73°73 85°21 
72°77 128°88 284°63 251-02 148 °62: 
240°48 239 °58 951°50 478 °57 1,030°30: 
314°34 19646 988 "65 503-49 241°86 
815°75 621-95 2321°57 1309°84 1507°75 
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TABLE (, (a.) 





Dicxst of Taste C (a), in which the Numbers of Particles per cubic centimetre in the. various 
ignited Soils and Subsoils are referred respectively to the Soil and Subsoil of Nottingham as 100 
in each case. 





Relative Numbers of Particles. 








Name of Farm. 











Soil. Subsoil. 
Nottingham - - - - - ‘ - - - 100 100 
Cambridge - - - - - - - - 5 - 75 E62. 
Beddington - - - - . - 3 - : 44 | 57 
Aldershot Camp - - . - - - - - : ~19 oO 
Altrincham = - - - - - - - - 100 — 
Rugby - - - - - - - - - - 456 — 
Leicester - - - : - - - - - - 232 — 
South Norwood - - - - - - - - 150 — 








Taking Tables C and D together, the first thing that strikes one is that, 
as regards number of particles, the coarser fractions are negligible in compari- 
son with the “silt,” “dust” and “clay,” or with the two lastalone. Indeed, 
in heavy soils the “clay” itself practically determines the number of 
particles present. The great difference between the number of particles in 
a light soil on the one hand, and in a heavy loam or clay soil on the other, 
is also noteworthy. For instance, these numbers in the case of the Aldershot 
Camp and Rugby soils are, approximately, 1:20. On closer examination, it 
will be observed that the chief difference between these two soils is in the 
fraction termed “clay,” 2.¢., the fraction whose particles are of smallest 
diameter. The effect of this is that the total air space in the Rugby soil, 
which may be taken roughly as equal to that in the Aldershot Camp soil, 
is divided up into twenty times the number of spaces existing in the latter. 
In other words, each individual air space in the Rugby soil is only one- 
twentieth as large as each air space in the Aldershot Camp soil. 
It is evident from this that filtration through the Rugby soil must 
be a much more difficult process than through the Aldershot Camp 
soil, owing to friction between the water and the soil particles. This 
fact—as is well known in practice—is of great importance in its 
bearing upon sewage filtration through soil, not merely when looked at 
from a physical standpoint, but also with regard to bacterialaction. If the 
air spaces are very small, it is easy to understand that aerobic bacteria find 


it difficult to work, not only from lack of oxygen, but also because the 
products of their action are not carried away with sufficient rapidity. It 


would be interesting to analyse the air drawn from different depths in the 
ground at a sewage farm with a porous subsoil, and to examine the soil and 
subsoil themselves for absorbed gases. 

Other points to be noted in tables (C) and (D) are (1) The ratio of the 
number of “ clay” particles to the number of particles other than “clay” ; 
and, depending upon this, (2) the corresponding ratios of the surface areas. 
‘This is readily seen from the following figures :— 















































‘SURFACE SOILS. Notts. Cambs. Beddn. Ald. C. Altn. |Rugby Lestr. S. Norwood 

‘No. of “clay” particles can! te 4°6 2°6 3 7 9 9 2 

No. of particles other than 1 1 1 i 1 1 1 a 
“ olay” 

‘Surface of “clay” particles ... 1 1 1 1 1 u 1 1 

seats, of other particles a is) 4 6 10 2 133 1°6 5 

‘SUBSOILS. 

No. of clay particles eee) 8 2°6 11 

No. of other particles etcvareh 1 1 1 

Surface of elay particles ee) 1 1 1 

Surface of other particles 2°4 3°6 5 16 
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A. glance at the above ratio figures shows that the surface soils in 
which we know that true filtration takes place, viz.:—Aldershot Camp, 
Nottingham, Cambridge and Beddington, have very similar values when 
contrasted with the values for heavy soils like those of Rugby and Leicester. 
The large quantity of peaty matter in the Altrincham soil makes it difficult: 
to draw any conclusion with regard to it. South Norwood soil is an 
apparent exception to the other heavy soils. It is just possible that from 
its being one of the first to be elutriated, the silt and dust were not so well 
separated from the clay as in other cases; but on the other hand, the 
modifying treatment to which this naturally heavy soil has been subjected 
for a great many years by sewaging and by digging in of ashes (the presence 
of which latter in the sample for analysis was easily detected) may be 
sufficient to account for the apparent anomaly. It would be well, however, 
to have a second corroborative mechanical analysis made. 


With respect to the four subsoils examined, that of Aldershot Camp 
alone approached in its nature to a soil, the others being largely composed of 
more or less coarse gravel, especially Beddington. The vravelly nature of 
these three subsoils is of great importance, both with regard to filtration 
and to bacterial action, because, as has been pointed out above, the particles. 
being comparatively few in number, the individual air spaces are relatively 
large, and the easy passage of water down to the depth of the drains is. 
assured. Moreover, in consequence of comparatively free aeration, aerobic 
bacterial action must be greatly facilitated. With regard to Aldershot Camp, 
however, it will be observed that the subsoil is of a very much closer texture 
than the soil, so that in its case the above conditions are reversed. The result, 
presumably, would be greater difficulty in maintaining good aeration through- 
out the whole depth of the filtering medium ; but this is merely an opinion. 


Turning to the ratios of internal surface area, we see that the Notting- 
ham, Cambridge and Beddington soils shew somewhat similar figures, as 


was the case with the number ratios. Aldershot soil, however, has a ratio: 


which is quite different from these, an explanation of which is given below. 


The values for Rugby and Leicester soils are similar, while Altrincham and 


South Norwood are again anomalous for the reasons stated above. 


Comparison of Nottingham, Cambridge and Beddington soils. 


The great purity of the Nottingham effluents suggest that the soil and 
subsoil through which they pass constitute a more or less ideal filtering 
medium. For this reason it has been thought advisable to shortly compare 
each of the other soils and subsoils with those of Nottingham. 


Looking at Tables Cand D, it is at once evident that there is a very striking 


similarity between the soils and subsoils of Cambridge and Nottingham. 
Both soils are made up largely of the finer particles—Nottingham rather 
more so than Cambridge—and both have a reasonable, though not large, 
percentage of “clay” particles. Both soils, too, are of about the same depth 
and lie on subsoils also very similar, both as regards general nature and 
depth to the drains, Cambridge subsoil—as is the case with the soil— 
containing rather fewer particles per gram than that of Nottingham. From 
the mechanical analyses, therefore, we should expect Nottingham and Cam- 
bridge soils to produce very similar results as regards sewage filtration, and, 
so far as these results can be compared, they are fairly well in accordance 
with this view. 


Beddington soil and subsoil, while generally of a similar nature to 
those of Nottmgham and Cambridge, and having about the same depth, 
are distinctly coarser, 7.¢., contain fewer particles per gram in both soil and 
subsoil. ‘he mechanical analyses, however, from their general agreement 
with those of Nottingham and Cambridge, indicate that, were it used wholly 
for filtration instead of surface irrigation, the Beddington farm would purity 
a large quantity of sewage and produce from it an effluent of high class. 


6225. PP 


EEE eT 
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Comparison of the Soils and Subsoils of Nottingham and Aldershot Camp. 


Referring to Table A, it will be seen that the soil at Aldershot Camp 
farm contains over 90 per cent. of the coarser particles, including 80 per cent. 
of sand, the percentage of finer particles being only about 8. Though there is 
some matter in the Nottingham soil coarser than in that of Aldershot, there 
is also 30 per cent. of the finer ingredients. The comparatively large diameter 
of the particles constituting the “ sand ” fraction, together with the low percent- 
age of finer matter, accounts for the small number of particles per gram in the 
Aldershot soil as compared with that of Nottingham (Table C). But the 
difference between the two soils is brought out most clearly in Table D, 


where it is shewn that the ‘“‘ sand” fraction provides more than half of the total 


internal surface exposed in the Aldershot Camp farm soil. In the Nottingham 
soil on the other hand the surface of the “sand” particles is only one-tenth 
of the whole. ‘This, therefore, explains the somewhat curious surface ratio 
obtained for Aldershot Camp soil. 


The subsoils of Nottingham and Aldershot are in every way a contrast 
to each other, 53 per cent. of the former consisting of particles coarser than 
“sand” against 14 per cent in the latter. The percentage of the finer 
particles in the Nottingham subsoil is only about one-third of that in the 
Aldershot subsoil, the respective “clay” percentages being 0°6 and 2°3. 


Nore.—It was repeatedly noticed when making these analyses that the 
“clay” consisted of particles obviously widely divergent in diameter 


(speaking comparatively). It is probable that a greater proportion than 
usual of the “clay” in the Aldershot subsoil, which, though of exceedingly 


fine texture, was not plastic like the clay of a heavy clay soil, consisted of 
the comparatively large particles which exist as such, rather than of the 
colloid substance which one may term true clay. This is one of the many 
interesting points in the present work which require further investigation. 
Only the relatively short time at our disposal prevented us from increasing 


the number of separations. 


Comparison of Nottingham Soil with the Rugby and Leicester Souls. 


In the Nottingham soil on the one hand, and the soils of Rugby and 
Leicester on the other, there is a great contrast as regards total number of 
particles. The difference, however, is not very marked except in the “clay . 
fractions, where Rugby has three-and-a-half times and Leicester three times 
as many particles per gram as Nottingham. ‘ 


The subsoils of Rugby and Leicester were not analysed, but a cursory 
examination was sufficient to show that each wasa yellow clay of a very 


close texture indeed. 


The result of these comparisons, therefore, is merely to emphasize what 
has been said above concerning filtration, aeration and bacterial action in 
heavy soils. 


' 


Comparison of the Nottingham Soil with the South Norwood Sou. 


A glance at Tables C and D brings to light the unexpected fact that the 
soils of Nottingham and South Norwood are similar in all the fractions 
excepting those of “dust” and “clay,” where the numbers are considerably 
sreater in the case of South Norwood. The latter appears to be a much 
altered clay soil, and its present condition is a striking instance of the effect 
of ploughing, sewaging and the judicious application of ashes in making a 
heavy clay more friable. 


The South Norwood subsoil is a very stiff clay ; it was not analysed. 
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Rate of Filtration of Water through Sorts. 


Experiments have been in progress for a considerable time on the com- 
parative rate at which water, under a given head, filters through a column 
of definite length of the various soils and subsoils, but the results are not 
consistent enough to allow of their being quoted. These filtration results, 
therefore, have been considered as merely qualitative, and referred to as. 
such in the General Report (Part I.) and in this Report. Speaking 
generally, however, they seem to indicate that the rates of filtration 
may be roughly proportional to the numbers of particles per gram of 
the soil, as given in Table C. Unfortunately, filtration results obtained 
in this way are probably not typical of what takes place in the soil in 
a field, because it is impossible to reproduce the natural conditions 
in the laboratory. Attempts made at the farms by Mr. Kershaw to 
bore out sections of the soils of about four inches diameter with a steel 
cutting tube were unsuccessful, owing to the baffling effect of small 
stones. The best plan to follow would probably be that which has sometimes 
been adopted in America, viz., to obtain a column by digging away the surround- 
ing soil, and then to slip over that column a cylinder of slightly larger diameter, 
filling up the space at the sides with melted paraffin. When the latter has 
solidified, the column is cut off at the bottom with a spade and removed to a 
convenient place for the filtration experiments. In this way the soil is not 
disturbed, but remains in its natural condition. 


In conclusion, the results obtained in the course of this work, while 
much too few to allow of an attempt being made to draw general deductions,. 
are of some interest. They show clearly that it is possible to say from. 
the mechanical analysis of a soil whether or not it would be suitable 
for sewage purification by filtration, and the same thing holds in a lesser 
degree as regards suitability for surface irrigation. Further, they tend to 
indicate that the maximum number of particles per gram of soil, which is. 
allowable if the filtration is to be efficient (a suitable subsoil being assumed), 
is somewhere about 1,000 millions. We bring forward this figure with 
reserve, of course, as it requires corroboration from the examination of 
further samples. As has been already said in the General Report (Section 
I. Sub-section IT.), if a sufficient number of such mechanical analyses were 
available for reference, they would afford excellent data as to the volume of 
sewage of given nature and strength which any particular soil might reason- 
ably be expected to purify. 


Our best thanks are due to Mr. G. B. Matthews, F.Rs., and to Sir 
William Ramsay for much kind help and criticism in connection with the 
foregoing work upon soils. 

G.M. 
R.S.F. 
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EsTIMATION OF THE LIME IN THE SOILS AND SUBSOILS oF THE EIGHT PRINCIPAL 
FARMS. 





(2) Lime dissolved in 24 hours by water alone ; 


(b) Lime dissolved in 48 hours by water saturated with carbon dioxide. 


This estimation was made by the method described by Dr. A. F. Holleman in a 
paper entitled “Die Bekalkung von steifen Kleyboden” {Groningen; Die Land 
Versuchs-Stationen, Vol. 41, p. 37 (1892)}; only, by an oversight, the lengths of time 
allowed for solution were in this case reversed—.e., Dr. Holleman gave 48 hours for 
the action of the water and 24 hours for the action of the carbonic acid water. The 
results which we have obtained, however, are strictly comparable with one another, 
and show the relative amounts of lime extracted from the soils and subsoils under the 
above conditions. 


The following was the procedure adopted :— 


(a) Lime dissolved in 24 hours by water. 


Twenty grammes of air-dried soil or subsoil were thoroughly mixed with one litre of water, and 
the whole was allowed to stand in a stoppered bottle for 24 hours, with occasional shaking. The 
muddy liquid was then filtered, and 500 cc. of the filtrate were evaporated to dryness after the 
addition of a few drops of glacial acetic acid. The residue was now dissolved in water and a little 
acetic acid, filtered if necessary, rendered alkaline by ammonia, and the lime thrown down by 
ammonium oxalate. After standing for 24 hours the precipitate was filtered off, washed, dissolved. 
in dilute hydrochloric acid, re-precipitated with ammonia and ammonium oxalate, and allowed to 
stand for another 24 hours. The precipitate was now again filtered, washed free from chloride, 
dissolved in dilute sulphuric acid, and the solution titrated with decinormal permanganate. From 
the amount of the latter used up, the lime present in the solution was readily calculated. 


(b) Lime dissolved in 48 hours by water saturated with carbonie acid. ; 


Twenty grammes of the air-dried soil or subsoil were thoroughly mixed with one litre of water, — 
and carbon dioxide was passed at a fairly brisk rate through the muddy solution for an hour and — 
a-half. The bottle was then stoppered and allowed to stand for 48 hours, with occasional tilting up, — 
in order to diffuse the soil through the liquid* The lime which'went into solution was then — 
determined exactly as described above. q 


The following table gives the percentage figures for the lime extracted, as— 
above, from the various air-dried soils and subsoils (the Altrincham soil contained 
about 9 per cent. of moisture after being air-dried ; the South Norwood soil about 7_ 
per cent.; the Leicester soil about 5 per cent.; and the Rugby soil about 4 per — 
cent. In the loamy soils and sandy or gravelly subsoils the moisture was, of course, — 
very small, It was wot determined in the clay subsoils) :— : 


t 








* The bottle should not be shaken, though this was done in the case of the earlier samples. 
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Air-dried Soils. 








Percentages. 





: i - | Lime dissolved in 
0M SS Lime dissolved in 48 hours by 

















24 hours water saturated 
by water. with carbonic 
acid gas. 
. 

Nottingham -~ - - 0-009 0-060 
Cambridge - has Ahad shes 0-085 0-530 
Beddington -~ - - 0-029 0-215 
Aldershot Camp - -~ - SDA 0°004 0-030 
Altrincham - < : - - 0-045 vn OS FOF 
Cog 2 a a 0-051 0-482 
Leicester - ~ - : - : 0:073 0°554 
South Norwood — - - - - . 0:073 0°382 











Air-dried Subsoils. 








Nottingham - - - : : - 0:017 0-070 
Cambridge — - - - Eve ie 0-058 0:582 
Beddington - - - - - - 0-026 0:268 
Aldershot Camp - - - : - 0:005 0-018 
Altrincham Si Ply - : : 0-016 0:068 
Rugby - - - - - - 0-071 0-969 
Leicester - - - . - - 0-017 0467 
South Norwood — - - : = - 0:020 . 0-076 











A glance at the above table shows that the Aldershot Camp farm soil and 
subsoil contained, as one would expect, but little lime, and there was relatively only 
1 moderate quantity of lime in solution in the effluents from there. The large 
unounts found in the light soil and subsoil at Cambridge are no doubt the result of 
he heavy liming with lime sludge (from the sewage treatment) which the land received 
here some years ago. 


These results, taken in conjunction with the examination of the effluents from 
he different farms, indicate that a soil does not require to be rich in lime for 
utrification to go on actively in the treatment of an ordipary sewage. It would make 
in interesting experiment to lime a portion of the ground at Aldershot Camp more 
veavily than the rest and to note whether there was any appreciable difference in the 
fiuents obtained from that portion. 
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SUMMARY OF CHEMICAL RESULTS AND CONCLUSIONS, 


The subject of the purification of sewage by land is so complex and involves 
so many factors that it is very difficult to give a satisfactory short summary of 
the chemical results of a long investigation on the subject. Those results have been 
given in detail in the separate Reports, Tables of analysis and Curves appertaining 
to each farm. Enough has been said already to show that the conditions at the 
various farms differ so much from one another that only very broad comparisons can 
be drawn. 


The process of purification of sewage on land is, as is well known, one depending 
ultimately on efficient oxidation—z.¢., on indirect oxidation by the oxygen of the 
air through the agency of nitrifying organisms. These organisms are of course active 
in the surface soil where the aeration is readily kept up, though aeration here must 
necessarily vary with the porosity and texture of the soil itself. It is obvious, 
therefore, that what is wanted in the soil and subsoil of a filtration farm is good 
aeration combined with as rapid filtration as is consistent with good purification ; 
or, in other words, we require that in the soil and subsoil neither the aggregate 
number of particles per unit volume of soil nor the aggregate filtration surface 
exposed by those particies shall fall below or exceed certain limits. In order, there- 
fore, to be able to form an approximate estimate of the purifying effect which any 
particular soil is likely to exercise upon a given sewage, we ought to know: 


(a) The volume and strength of the sewage. 
(6) The quality of soil and subsoil as determined by mechanical analysis. 
(c) If possible, the average rates of filtration through the soil and subsoil. 


(d) It may also be desirable to determine the amount of lime or other 
chemical constituent of the soil. 


The subject is treated in detail in the section of this Report which deals with 
Soils. 


The appended Tables (A) (B) and (C), a few pages further on, show respectively : 


(A.) The average chemical composition of the different sewages treated on 
the eight principal farms ander observation. 


(B.) The average chemical composition of the different effluents. 


(c.) The approximate percentage purification effected at each farm, as 
calculated by the reduction in (a) albuminoid nitrogen ; (4) “ oxygen 
absorbed ” from permanganate. 


The last table is given for the convenience of those who are in the habit of 
gauging purification in this way, but it must again be remembered that the calculation 
is merely empirical, the organic matter in a purified eftluent being totally different 
as regards fermentability from the organic matter in the original sewage. 


Sewages.—The differences shown by the various sewages as regards organic 
strength and quality have already been dwelt upon in the separate Farm Reports, and 
they are also well seen by a reference to Diagrams 1 and 2 (Hourly Sewage Samples). 





_Kffiuents.— With respect to effluents, it will be observed that neither in this nor in 
the General Report (Part I.) has any fixed chemical standard for effluents been specified. 
The reasons for not advancing a definite opinion upon this point in the meantime are 
‘discussed a little further on under the heading ‘Chemical Standards of Purity 
for Sewage Effluents.” At the same time it should be said here, for the guidance 
of the reader, that in endeavouring to arrive at the quality of any particular effluent, 
or of the efiluents generally from any one farm, the following points among others, 
have been borne in mind :— 


1, The smell of the effluent and its general appearance with regard to colour, 
solids in suspension, etc. 
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2. How the effluent would be judged (speaking approximately) by the 
Mersey and Irweil provisional standard as regards albuminoid nitrogen 
and “oxygen absorbed” from permanganate (but allowing to some 
extent for the “oxygen absorbed” being determined with strong 
permanganate at 80° F. and not with weak permanganate at 60° F. ).* 


. Whether or not it withstood the incubator test. 


The amount of dissolved oxygen present at the time of analysis,t and the 
comparison of this with the quantity present when the sample was 
drawn, having regard here also to whether a surface irrigation or a 
filtration effluent was in question; further whether any oxygen 
remained after incubation either at atmospheric temperature or at 
a temperature of 26°7° C. (80° F.). 7 

5. The amount of nitrate present, and how far that nitrate was reduced 

upon incubation. 


6. The approximate ratio of oxidized (¢.e., nitric + nitrous) nitrogen to the 
albuminoid and to the total organic nitrogen, and also to the total 
unoxidized nitrogen. 


The purification results at the different farms may be summarised as follows :— 


Sy) 


1. CAMBRIDGE (filtration, mostly without cropping). 


The Cambridge farm treats, on a good porous soil and subsoil, an exceptionally — 
large volume of a somewhat weak domestic sewage, which however contains in 
the aggregate a very large quantity of organic matter—more than half as much again 
as the organic matter treated per acre at Nottingham (compare diagrams 3 and 4). 
The result is a dilute effluent which is usually from a chemical point of view good, and — 
sometimes very good. At the same time the organic matter left in some of |the less 
highly purified effluents is of a somewhat. putrescible character, as judged by the — 
incubator test, though there is nearly always enough nitrate present to keep the liquid 
sweet upon incubation. The number of particlest in unit weights of ignited soil and 
subsoil, taking the numbers at Nottingham as 100 in each case, are :—soil 75; subsoil 
61; the number of particles in unit volumes (Nottingham = 100) are:—soil 75; 
subsoil 62. The relative calculated§ znternal filtering area at Cambridge per unit of 
surface, down to the drains, works out to about three-quarters that at Nottingham, ~ 
the difference being in the subsoil, but depth for depth there is not a great deal of — 
difference between the two (about 12 per cent.), the drain pipes being laid deeper at — 
Nottingham. The rate of filtration-at Cambridge must be a medium rate, probably — 
rather faster than that at Nottingham. If, therefore, the two farms were laid out in — 
the same way, and treated the same sewage in equal volumes per acre, we should — 
expect the results to be much the same, though probably with a slight balance 
in favour of Nottingham. ke 

2. ALTRINCHAM (filtration, with cropping). 
Altrincham also treats a large volume of a weak domestic sewage, about three- — 
fourths of the volume at Cambridge (cf. diagram 3), but on a porous partially peaty soil, — 
overlying sand admixed with a little gravel. We have not sufficient data to give either 
the relative amount of organic matter treated per acre, though this must be large, 
or the approximate relative internal filtering area of the Altrincham soil and subsoil . 
down to the drains. The number of particles in unit weight of ignited soil (Notts = 100) ; 
is 157, and in unit volume 100. The rate of filtration at Altrincham is probably — 
fairly rapid. The result is an effluent which is on the whole fairly ae all 
chemically, but the farm had apparently rather too much to do at the time of our 
observations. As regards the treatment of large volumes of weak domestic sewage, 
Jambridge and Altrincham are more or less parallel; but in the nature of the soil 
and subsoil and in the depth to the drains the two differ materially. 











* cf. Introduction ; also Report on Methods of Chemical Analysis (Vol. IV. Part V. Fourth Report of Royal 
Commission on Sewage Disposal.) ig 
+ A fully aerated sampleAvould contain roughly about 7 cubic centimetres of oxygen per litre, i.¢.,7 volumes — 
of oxygen per 1,000 volumes of water. : 
{ As already stated, these numbers of particles (in this and the other soils and subsoils) refer to the — 
ignited soil or subsoil, and therefore take no account of particles of organic matter present. 
§ This calculation is of necessity only an approximate one. , . 
: 


, ; 
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3. Norrincuam (filtration, with cropping). 


Nottingham treats, on an excellent loamy soil and gravelly subsoil, a medium 
volume of a rather strong sewage containing 40 per cent. of trade refuse, the agere- 
gate organic matter treated per acre at Nottingham being about two-thirds that at 
Cambridge (Diagrams 3 and 4). The number of particles in-unit weight of ignited soil 
and subsoil is here taken at 100 in each case, for the purpose of comparison with the 
soils and subsoils at the other farms, and the same with regard to unit volumes of the 
soil and subsoil. The relative calculated internal filtering area per unit of surface 
down to the drains is taken as 100 (surface soil = 33; subsoil = 67), being about 
one-third greater than at Cambridge, and the rate of filtration is probably somewhat. 
slow. The drain pipes are laid very deep, the average depth being about 6 feet. The 
result of the treatment at Nottingham is an effluent of altogether exceptional quality, 
clear and sparkling, and approaching in the best samples within measurable distance, 
from a chemical point of view, of a drinking water. 


4. ALDERSHOT Camp (filtration, with cropping). 


At Aldershot Camp a medium volume of a very strong and highly ammoniacal 
sewage is treated on a relatively coarse sandy soil overlying a fine sandy subsoil 
containing a great deal of iron. The aggregate organic matter treated per acre is 
on the whole, perhaps, somewhat greater than at Nottingham (compare diagram 4), 
but there is no trade refuse mixed with the sewage. The average depth to the 
drains is about 3 feet 3 inches, and the rate of filtration through such a fine sandy subsoil 
must be rather slow. The numbers of particles in unit weights of ignited soil and subsoil 
(Notts =100), are :—soil 19; subsoil 394; and in unit volumes they are :—soil 19; 
subsoil $26. The relative calculated internal filtration surface area down to the drains 
is almost the same as that at Nottingham, but it is differently divided between surface 
soil and subsoil in the two cases. The general result of the treatment at Aldershot is 
a highly nitrated effluent, still containing in some instances a considerable amount. of 
organic matter, not much of which however is of a rapidly fermentable character 
as judged by the incubator test, and the nitrate present is always much more than 
sufficient to keep the effluents sweet. They often contain, however, considerable 
quantities of very flocculent vegetable matter, coloured by oxide of iron, washed from 
the drain pipes. 


It will be observed that, apart from texture, the conditions for the aeration 
of the soil and subsoil are the reverse at Aldershot Camp to what cbtain at Nottingham 
and Cambridge, and are probably less favourable, for at the former we have a coarse 
sand resting upon very fine sand, while at the two latter a fine loam rests upon coarse 
sand and gravel. 


5. Croypon, BEpDpDINGTON (as @ Filtration farm, with cropping). 


Although Beddington is primarily a surface irrigation farm, a small portion of 
it is drained, and reference may therefore be made to that portion here. The soil and 
subsoil are, generally speaking, directly comparable in texture with those at Notting- 
ham and Cambridge, though the Beddington subsoil is much the most stony of the 
three. The numbers of particles in unit weights of the ignited soil and subsoil 
(Notts =100) are:—soil, 46; subsoil, 55; and in unit volumes they are:—soil 44, 
subsoil 57. Taking the average depth down to the drains at 6 feet 6 inches, 
the relative calculated internal filtration area per unit of surface is about four- 
fifths that at Nottingham, and these areas are divided in much the same way between 
soil and subsoil at both places. The rate of filtration must also be somewhat similar 
to the rates at Nottingham and Cambridge, though no doubt appreciably faster. The 
results of the analysis of the second field filtration effluents obtained in the special 
experiment show what a high degree of purification, chemically speaking, can be 
obtained by using Beddington as a filtration farm. The soil and subsoil being, however, 
distinctly coarser than those at Nottingham would probably not produce (under 
exactly similar conditions) quite such good results as we have obtained at the latter 
place ; on the other hand aeration would be easier at Beddington. 


6225 () Q 
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5a. Croypon, Bepprneron (as @ Surface Irrigation farm). 


Since the surface soil at Beddington is about 15 inches deep, we are to a certain 
extent dealing here with a shallow filtration farm, with very good soil for the purpose 
of sewage purification. But with our present data it is impossible to say how much 
of the purification effected at Beddington is due to filtration through the top soil and 
how much to surface irrigation pure and simple. The sewage is practically a domesti¢ 
one, of moderate strength—probably of about average strength. The volume of 
sewage treated per acre—-exclusive of storm water—was very large for a surface 
irrigation farm, being only a little less than that at Nottingham and a little more than 
at Rugby and Aldershot Camp, while the aggregate organic matter (again excluding ~ 
storm water) treated per acre was less than at Rugby. (see diagrams 3 and 4). The 
variations in flow and the additional matter to be dealt with, owing to sudden 
influxes of storm water at Beddington, must add greatly to the difficulty of manage- 
ment. The analytical results of the final effluents show that the Beddington farm, 
used for broad irrigation under the conditions detailed in the Engineering Report, is 
capable of producing a high-class effluent, and does so sometimes but not always, 
the inference being that the land had rather too much to do.* 


6. Rucpy. Hic Leven Farm (Surface Irrigation on stiff soil with underdrains). 


— Rugby was originally chosen as an example of a sewage farm with a heavy — 
loam soil, z.¢, a soilmidway between a light loam anda clay. We had very great 
difficulty in finding a suitable farm with this type of soil, and Rugby was ultimately 
fixed upon as being on the whole the most suitable. As will be seen, however, 
from a comparison of the mechanical analysis of the Rugby surface soil with those of © 
Leicester and South Norwood, that at Rugby is apparently—contrary to expectation— 
more of a clay than the others. But gravel “ pockets” occur in the subsoil at Rugby, 
and these must to some extent increase the purification by the filtration which takes 
place through them. The surface soil itself is about 10 inches deep and it overlies 
yellow clay, the average depth of the drains being about 3 feet 9 inches. If we 
assum, merely for purposes of comparison, that the Rugby surface soil acts as a filter, 
then its relative calculated internal filtration area is 99 (Nottingham soil + subsoil 
together = 100.) But we know, of course, that it cannot act as a filter to any great 
extent, and this figure is therefore adduced merely to show that the internal filtration 
surface of a soil must not exceed a certain maximum. The number of particles in — 
unit weight of the ignited soil (Notts = 100) is 392, and in unit volume 456. 


The sewage at Rugby is domestic, but it also contains some engine oil, and the 
volume treated there per acre is almost the same as at Aldershot Camp. The Rugby — 
sewage is, however, not quite so strong organically, though it contains more suspended ~ 
solids, and hence the aggregate organic matter treated per acre of irrigable area is » 
rather less (see diagrams 8 and 4). Still, the amounts of sewage matter to be purified 
per acre in the two cases, in almost equal volumes of liquid, are sufficiently near to _ 
make a rough comparison of interest. At Aldershot, as already seen, we have one 
filtration of the sewage through sand, with the production of a highly nitrated effluent. 
At Rugby, on the other hand, the effluent from half of the sewage, passed for the most — 
part overt one (larger) plot of ground, is mixed with the other half of the sewage, and — 
this mixture is run over a second (smaller) plot, the result being an effluent of quite a_ 
different character from that at Aldershot, 7.¢., much less highly nitrated, but at the | 
same time containing less total nitrogen, less organic nitrogen, and less oxidizable 
matter generally. Whether this greater decrease in nitrogen is brought about wholly | 
through greater absorption by plants (greater than is possible with filtration through 
cropped sandy soil), or partly also throngh the mutual decomposition of nitrate and — 
ammonia by the agency of microbes, would be an interesting point to know. 


The Rugby soil is thus capable cf producing a very fair surface irrigation effluent 
of even composition, as was shown by the samples which were drawn and examined in 
spring; but the quality of the summer samples indicated that the area of land in use — 
at that time was insufficient. _ 





* Since the toregomg observations were made, some bacterial filters have been erected at Beddington, 
with a view to lessening the work laid upon the land. . 
+ The temperature of the Rugby effluents indicated that they were mainly from surface irrigation. 
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7. Leicester (Surface Irrigation over clayey soil with underdrains). 


The surface soil at Leicester is of a stiff clayey nature, from 6 to 12 inches 
deep, overlying 25 to 3 feet of yellow clay, which in its turn rests upon hard 
boulder clay and the Keuper marl. The drains are about 4 feet deep. The 
mechanical analysis of the soil indicated that it was really less stiff than the surface 
soul at Rugby, but the clay subsoil at Leicester is of a more uniform character than 
the Rugby subsoil. Taking the number of particles in unit weight and in unit 
volume of the Nottingham ignited soil at 100 in each case, the number in unit weight 
of the Leicester soil is 269, and in unit volume 232. 


The sewage contains about one quarter of its volume of manufacturing refuse of 


different kinds, and is of moderate strength as regards nitrogenous matter, though it 
has in it a relatively large proportion of oxidizable substance, this last being no 
doubt largely due to the trade refuse present. The actual volume treated per acre 
of irrigable area is as nearly as possible half that of Nottingham, and the aggregate 
organic matter also about half (compare diagrams 3 and 4), although the suspended 
solids going on to the land are in larger proportion than this. Treatment over the 
first field (arable) removes the larger part of the impurities, more especially as regards 
suspended solids. The final effluents, from treatment over two or three fields (the 
second and third field being usually rye-grass or pasture), varied considerably in 
quality, and might be described as moderate, chemically -speaking; it should, 
however, be added that they withstood the incubator test very fairly, 7e., that 
their keeping property was better than some of the figures of analysis would lead one 
to expect. The sewage is no doubt a difficult one to treat on such a soil, especially 
as the ground has a strong tendency to crack in dry weather and thus to let 
unpurified sewage direct into the drains. This last circumstance of course emphasises 
the necessity for repeated treatment under such conditions. The results, however, 
show that with careful management surface irrigation several times over under- 
drained clay land may be trusted to produce a fair chemical effluent. 


8. SoutH Norwoop (Surface LTrrigation over fairly stiff soil, with very little 
underdramage). 


4 


At South Norwood the surface soil is less stiff and tenacious than that at 


Leicester, and this is clearly brought out by the mechanicai analysis. It is, however, 
a little shallower than the Leicester surface soil, viz., from 6 to 10 inches deep. The 
subsoil is London clay. Taking the number of particles in unit weight of the Notts 
ignited surface soil at 100, Leicester gives 269 and South Norwood 177, the respective 
numbers in unit volumes being 232 and 150. The presence of ashes was easily 
discernible in this soil. ) 


. The sewage at South Norwood is purely domestic and it is rather weak. The 
volume per acre of irrigable area is about five-sevenths that at Leicester and about 
one-third that at Nottingham, but on the other hand, as at Beddington, the whole 
of the storm water (amounting on occasions to five times the dry weather flow) is 
treated at South Norwood, which must of course be a great strain on the farm. 
Excluding storm water, the actual organic matter dealt with per acre is only about 
half that at Leicester and one quarter that at Nottingham (diagrams 3 and 4). The 
efflu nts varied in appearance, the general eftluents evidently containing rather more 
suspended matter than the other final effluents, which might show only a trace of this. 
Speaking generally, they were of moderate quality. That the land was getting 
too much to do at the time of our observations was fully recognised by the local 
authorities, who have been for some time past extending their bacterial filters with 
a view to lightening the burden laid upon the soil. But here again, as at Leicester, 
we have sufficient data to show that a fair chemical effluent can be obtained by 
surface irrigation over a lightened clayey soil, mostiy iaid out in rye grass, which is 
not under-drained. 


Q Q 2 
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Short comparison of results at Leicester and South Norwood. 


It is difficult to compare the results obtained at Leicester and South Norwood 
respectively, since the conditions, apart from the question of drainage, are only to 
some extent analogous. But taking everything into account, it would appear that 
on the whole the system followed at Leicester, viz. : surface irrigation several times 
over clayey soil with under-drains in the clay subsoil, is capable of purifying more 
sewage than that in use at- South Norwood—surface irrigation over several plots 
of undrained clayey soil. In other words, there would seem to be sufficient percola- 
tion at Leicester, partly no doubt through small fissures, but partly also in the 
immediate neighbourhood of the drain pipes, to materially influence the result for the 
better. (Compare Leicester Farm Report ; note by Dr. Aitken upon the permeability 
of clay soils.) At the same time the temperature of the final effluents, both at 
Leicester and South Norwood, differed very little from the temperature of the air 
at the time of drawing, which is an argument against much percolation having 
taken place at Leicester. 


The different texture of the various soils and subsoils is well seen from the 
following short table, which gives approcimately the relative numbers of particles in 
unit weights of the ignited soil and subsoil, respectively, and also in unit volumes, 
referred to the numbers at Nottingham as 100 in each case, for purposes of com- 
parison. 























Unit WEIGHT. Unit VOLUME. 
NAME OF FARM. 3 
Soil. Subsoil. Soil. Subsoil. 
Nottingham - 100 100 100 100 
‘Cambridge - 15 61 75 62 
Beddington - 46 55 44 57 
Aldershot Camp 19 394 19 326 
Altrincham - 157 a= 100 = 
Rugby - 392 — 456 — 
Leicester — - - - - - - 269 os 232 as 
South Norwood - - : - : le prd — 150 a 











Note.—As the above table takes no account of the particles of organic matter in the soil, it is only 
approximate. The organic matter (decomposed peat) was so abundant in the Altrincham soil that the figures 
given for it cannot be regarded as of much value (cf. Section upon Soils). | 


Before concluding this summary, one or two points may be touched upon, having 
reference to some of the remaining sewage farms where only a few observations were 
made for the Commission, details being given in the separate Farm Reports. 


Mickleover and Hemsworth. 


The Mickleover and Hemsworth farms afford instances of sewage treatment on— 
very shallow surface soils overlying stiff clay, 7.e., on types of soil not well adapted 
for the treatment of sewage. _ But even under such unfavourable conditions the 
Mickleover effluents furnish an illustration of the point emphasised in the General 
Report, viz., that (the question of) purification by a soil is one of degree rather than 
one of intrinsic ability or disability. 


f Worsley. 


The Worsley farm effluents from that portion of the farm which consisted of pure | 
peat land were, as might have been expected, far from satisfactory, though even here 
there was a very considerable degree of purification. Without at all recommending 
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peat land for the treatment of sewage, it is interesting in this connection to recall 
a laboratory experiment made by the Rivers Pollution Commission (Vol. I. 1st 
Report, p. 69), as follows :— 


“These analytical results show that, although the action of the Lancashire 
“peat upon sewage is for a couple of months but slight and unsatisfactory, yet 
“the subsequent steady improvement of the effluent water encourages the hope 
“that this material would, after a somewhat longer education, become an 
“efficient purifier of sewage filtered through it at the rate of 49 gallons per cubic 
“vard, per 24 hours.” 


LUTON. 


Cities and towns such as Winchester and Luton, whose sewage farms are on 
the chalk, find themselves in the fortunate position of being untroubled by effluents, 
for the sewage at these places sinks into the ground and disappears. For this reason, 
attention may be drawn for a moment to the effluents obtained artificially by the 
filtration of the Luton sewage through difterent thicknesses of chalk 7m satu, with 
previous removal of the surface soil. The results of the chemical analyses showed that 
the sewage underwent comparatively little direct purification in its rapid passage 
through 2° feet of chalk. This emphasises the necessity for the careful examination 
of all well and spring waters which could by any possibility come within the sphere 
of influence of a chalk sewage farm. 


Dr. Poorés Village System of Sewage Disposal. 


Two visits were paid to Andover in connection with the interesting experiments 
on village sewage disposal which have now been carried out by Dr. Poore for a 
number of years. The short notes of these visits, with the analytical results, will be 
found in the Engineering, Bacteriological and Chemical Reports respectively. 


Filtration v. Surface Irrigation Egiuents. 


The foregoing results show how difficult it is to generalize here, or to say 
dogmatically that one of those classes of effluent is better than the other, seeing that 
the soils in both types of farms differ so much in quality. To put the matter broadly, 
one may say that the best effluents are to be obtained by filtration through such soil 
and subsoil as those at Nottingham, the land being cropped. It is very improbable 
that any irrigation farm dealing with a reasonable quantity of sewage could produce 
such effluents. At the same time an irrigation farm on good soil, such as that at 
Beddington, can also yield very excellent results. The irrigation effluents from 
heavy soils cannot be expected to reach the highest standard, though even here 
fair results can be obtained by a proper regulation of the dose of sewage, and 
effluents either free or practically free from suspended solids produced; whether 
such effluents would ever be colourless, like the best filtration effluents, is doubtful. 
The sometimes large quantity of very tiocculent (and therefore very light) matter that 
may be brought down from the drain pipes by filtration effluents is a point that 
merits attention. Judging from the earlier samples at Nottingham, these flocculent 
solids need not be present if the land is suitable, and if the volume of sewage treated 
is moderate in amount. . 


Influence of season upon the chemical quality of effluents. 


So far as our results go, the quality of the various effluents from the different 
farms did not vary very materially at different times of the year, though in summer 
and early autumn the effluents were necessarily more concentrated than during the 
colder months. On the whole they were not quite so good in the warm seasons. 
This point should in future be tested systematically by the rate of absorption of 
dissolved oxygen (see sub-section dealing with Chemical Standards of Purity for 
Sewage Effluents, page 325). 
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TABLE A.—TABLE OF AVERAGE FIGURES SHOWING THE 





NAME OF FARM. 





Number of Samples of Sewage 
Examined. 


ALTRINCHAM. 





4 Chance samples of sew- 
age and 5 of lagoon 
liquor. 


ALDERSHOT CAMP. 


9 Chance samples and 
3 sets of hourly samples. 


CROYDON (BEDDINGTON). 





* 5 to 7 Chance and 
7 sets of hourly samples. 





Parts per 100,000 by weight. 


Total nitrogen :—Chance samples. 


Hourly samples. 





Ammoniacal nitrogen: — Chance 
samples. 


Hourly samples. 


Total organic nitrogen ; — Chance 
samples. 


Hourly samples. 


Albuminoid nitrogen : — Chance 
samples. 


Hourly samples. 


“ Oxygen absorbed” from perman- 
ganate at 26°7° C. (80° F.) im 
jour hours :—Chance samples. 


Hourly samples. 








Uhlorine :—Chance samples. - 


Hourly samples. 


Solids in Suspension  (gravi- 
metrically) :—Hourly samples. 


‘‘ Cellulose” in Solids in Suspen- 
sion :—Hourly samples. 


Parts per 100,000 by Volume. 


Solids in Suspension, as determined 
by Centrifuge :—Chance samplest 


Hourly samples.t 





*Ratio of Solids in Suspension to 
Centrifuge solids : — Hourly 
samples. 


Ratio of “ Celluloses ” to Suspended 
Solids (grav.) :—Hourly samples. 


f 


* Note.—This is a comparison of a 
figure expressing weight with 
one expressing volume. 





* Some of the samples were subjected to more tests than others. 





Average. 


2-06 to 5°01=3°56 


0°69 to 3°69=9°99 


0°69 to 3°69=9°99 


0-20 to 1:14=0'62 


2°29 to 6-98=5°99 


7/22 to 12°88=9°43 


27 to 99=79 
2 sewages and 3 lagoon 
liquors. 

















Average. 


12°45 to 24:89=176 


12°31 to 14:24=13°3 


8-26 to 16-94=19°30 _ 


7°60 to 8:21=7°87 


- 3°39 to 9°10=5 35 


4-25 to 6:18=5 06 


2-05 to 3°63=9°77 


1:54 to 1-69=1 62 


20°68 to 38-47 =95-94 


19°54 to 22-40=90'79 


8°90 (?) to 13°98 = 11°38 


11:36 to 19°78 =14-98 
32:0 to 39°3=36'6 


9-0 to 12°68=10°79 


| 


148 to 216=173 


133°9 

ieee dy 
L: sail 

Lense 

to hata 
1 11-2) 


+ These figures expresa the volumes of the muds. 








Average. 


6°82 to 13°42=9°50 


6:42 to 7°59=7'18 


4°15 to 9°71=7'34 
4°18 to 5°11=4°50 
2-03 to 4-06=3'37 


1°31 vo 2°88=9°07 


0°99 to 2°36=1°72 


0°59 to 112=9'91 


7°91 to 18°73=13°70 


7°85 to 17-45=19°48 


5°70 to 10°50=8'15 


7:86 to 9°22=8:34 | 


21-2 to 53°0=34'5 








173 to 356=918 


° . 
_'< 


1: 4:8 
to ft: 66 
LeSrZ 
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CHEMICAL COMPOSITION OF THE DIFFERENT SEWAGES. 


CAMBRIDGE. 





5 Chance samples and 


1°50 to 11°52=3'94 


5°60 to 5°80=5'71 


0:89 to 7°31=9'41 


3°77 to 3°85=3°82 


0°39 to 4:09 = 1'99* 


1°73 to 1:95=1°88 


0-28 to 152=0'62 


0°89 to 0-96=0'91 


2:07 to 17°81=6'99 


9:49 to 10°68=10°08 


4:95 to 10°30=6'37 


7°90 to 8°74=8°45 
23:8 to 28-6=96'5 


3°84 to 5-08=4-48 


146 to 176=160 


1:5°5 
to | 60 
1:65 
£3, 5:6 
to |=1 59 
2 


too low. 





3 sets of hourly samples. 


Average. 














* This figure is possibly 


LEICESTER. 





5 Chance samples and 
3 sets of hourly 
samples. 








NOTTINGHAM. 





3setsofhourly | 


| 
| 4 Chance and 
| samples. 


RUGBY. 





8 Chance samples and 
3 sets of hourly 
samples. 


SoutH Norwoop. 





4 to 7 Chance and 
7 sets of hourly 
samples. 





Average. 


2:90 to 8°61 =5'57 


7°32 to 9°16=§°19 
2:90 to 8°61=5'57 
7°32 to 9°16=8'19, 
1:18 to 2°41='§8* 


2°10 to 2°53=9'34 


0°66 to 1°70=1'11 


0°97 to 1°44=1°19 


7:77 to 16°41 =19'45 


20-28 to 24°83—99°35 


3°51 to 11:94=8'10 


12:50 to 13:84=13°38 
33-6 to 34:8=341 


6°56 and 5°80=§'18 


160 to 261= 196 


1;4°8 
to ja! > 58 
are) 


5 


Lscord 
to ja > 56 
L538 


* This figure is possi- 
bly too low. 


Average. 


4°68 to 7°86=6'39 


7°53 to 7°82=7°§9 





3-21 to 5°32=3°99 


3-08 to 4:53=3'98 


1°47 to 4°24—=9-49* 


2-56 to 4°21= 3°15 





1:18 to 2°63=1°77 





1-17 to 1:99=1°45 


10°97 to 25:06= 17°64 


21-03 to 26:29=93'19 


9°66 to 23-42—=16'35 


11-25 to 15°36 =13'68 
34°4 to 79:2=5 gt 


5°32 to 15-08=8°88t 








* This figure is proba- 
bly too low. 

+ These figures are 
probably higher 





than the normal. 





Average. 


2°80 to 14:94=9'95 


9°39 to 9:°99=9'§5 


1:95 to 11:21=7°37 


5°74 to 6-46=6'11 


1°61 to 5°57=9'54 


2°87 to 3°55=3'29 


0°40 to 2°84=1'49 


1°56 to 1:80=1'73 


3°55 to 33°31=15'0 


17°55 to 19°18=18'44 


4°86 to 18°30=11'68 


9°36 to 10:46=9-99 
43-0 to 50°6=47°3 


5°88 to 7:92=7°29 


258 to 345 =304 


bi 61) 
to hat > 66 
septs 











Average. 


3°52 to 10°834=7'07 


4:46 to 5°63=§-90 


5°35 to 7°60=6'50 


3°15 to 4:05=3°54 


2°04 to 3°24—9°55 


1:02 to 1:90=4°49 


0-98 to 1:°23=4'07 


0°55 to 1:04=0°67 


6°74 to 20°08=11°40 


5:43 to 977=7 11 


7:28 to 8°88=7'87 


7:08 to 8-00=7°45 


9°6 to 38-°2=94-9 


80 to 245=439- 


: any, 
to r=]: 66 
2 ORE 





———-— 
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TABLE B.—TABLE WITH SOME OF THE AVERAGE FIGURES SHOWING 














NAME OF FARM. ALTRINCHAM. ALDERSHOT CAMP. | CROYDON (BEDDINGTON.) 
Number of samples of effluents 14 to 16 16 to 18 15 to 16 
examined. * 





| (Of the final effluents two 
were over 2 fields only.) 

















a 
} 
Parts per 100,000 by weight. Average. Average. - Average. | 
' 
Total nitrogen - : : - 1°36 to 4:99=9°99 3°69 to 8'99=§ 0 1°02 to 3°49=9°90 | 
Ammoniacal nitrogen - : 0°65 to 1°87=1:-93 0°91 to 4°98=1°85 0:23 to 3°l0=] 48 
| 
Albuminoid nitrogen - - - 0:07 to 0°25=0'18 0°12 to 0°-47=0°96 0:06 to 0:°23=09'14 : 
Total organic nitrogen - oN te 0°10 (2?) to 0°45=0 96 — 0°09 to 0°55=—0'96 | 
i 
fl 
Nitric + nitrous nitrogen . ) 0-0 to 3°64=0'76 0-0 (2?) to 5°97=8:21 0°03 to 1:43=9'37 
| 
“Oxygen absorbed” from perman- | 0°92 to 2°65=1°75 1:02 to 5°68=92°72 0:90 to 2°09=1°44 
ganate at 26°7°C. (80°F.) a four | 
hours. | 
| | 
Ineubator test (as judged by smell)- | 81% passed 89% passed 73% passed \ 
| 
| (16 samples tested.) (18 samples tested. ) (15 samples tested. ) 
| 
* Some of the effluents were sub- | | 
jected to more tests than others. | 








on (a) ALBUMINOID NITROGEN AND (b) 





NAME OF FARM. ALTRINCHAM. ALDERSHOT CAMP. CROYDON (BEDDINGTON). 


| | 

















(a) Calculated on Albuminoid 19%* 94% on Chance samples. | 92°. on Chance samples. 
nitrogen; On Chance ) 
samples of — | 84% on Hourly samples of 89% on Hourly samples. 
sewages and | sewage. 
lagoon tiquors | 
; | together. |. 
(b) Caleulated on ‘‘Oxygen ab- 61 90° on Chance samples. 99% on Chance samples. 
sorbed” from permanganate at | ) 
26°7°C. (80° F.) in four hours. 87% ou Hourly samples of | 89% on Hourly samples. 
f seware. . 
*This calculation is very 
approximate and of doubt- | 
ful value. 
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THE CHEMICAL COMPOSITION OF THE DIFFERENT FINAL AND GENERAL EFFLUENTS, 


CAMBRIDGE. 





‘17 to 18 


'. Average. 


1-48 to 3:19=9-09 
0-22 to 1:31=0°65 
0-04 to 0°18=0-09 
0-04 (2) to 0-42=0'21 
0°69 to 225=1°96 


0-16 to 1:31=0°81 


94% passed 
(18 samples tested.) 











LEICESTER. 





8 to 13 


Average. 


1'84 to 3°64=9 53 


0:59 to 2°81=1°65 


0:07 to 0°35=0°20 


0°18 to 0°63=0'45 


0°0 to 1°73=0'51 


1:70 to!4-47=2'50 


99% passed 
(13 samples tested.) 











aS eee 


NOT riInGHAM. 





13 





Average. 


1-41 to 3-45=9-97 
0-01 to 0:29=0'13 
0:01 to 0°10=0'03 


1-25 to 3:29=9'06 
and 1:24 to 1°71 in 
four later samples. 


0:05 to 0:°37=0'19 


100% passed 
(17 samples tested.) 








RUGBY. 





16 to 19 


Average. 


1-39 to 2°96=9°31 


0:97 to 2°S1=1°62 


0:08 to 0-°39=0'18 


0-0 to 1:59=0'52 


0°72 to 2"16=1'41 


75% passed 
(20 samples tested. ) 


SoutH NORWOOD. 





11 effluents ( total 
nitrogen and “ oxygen 
absorbed ’’) ; 


6 effluents 
(ammoniacal and 
albuminoid nitrogen). 
These include three 
2-field effluents. 


ed 


Average. 


0°55 to 2°83=9°30 


0-02 to 1:55=0°87 


0-07 to 0:14=0'10 


0:14 to 0°74 (7)=0'39 


0:97 to 1:73=1-44 


715% passed 
(12 samples tested.) 





eh 


TION ON THE VARIOUS SEWAGES EFFECTED AT THE DIFFERENT FARMS, AS CALCULATED 
‘“OQxyGEN ABSORBED’ FROM F’ERMANGANATE. 





CAMBRIDGE. 





85% on Chance samples. 


90% on Hourly samples. 


| 


; 88% on Chance samples. 


j 99% on Hourly samples. 


| 
| 
| 





LEICESTER. 





82% on Chance samples. 


85% on Hourly samples. 


80% on Chance samples. 
88% on Hourly samples. 











NOTTINGHAM. 





99% on Chance samples. 


98% on Hourly samples. 


997% on Chance samples. 


99% om Hourly samples. 


RR 








_ Ruasy. 





SoutH NoRWOOD. 








88% on Chance samples. 


89% on Hourly samples. 


91% on Chance samples. 


92% on Hourly samples. 








91% on Chance samples. 


85% on Hourly samples. 


87% on Chance samples. 


81% on Hourly samples. 
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SEWAGES AND EFFLUENTS.—SOME AVERAGE Ratios oF ANALYTICAL FIGURES. 


It may not be without interest if some of the approximate average ratios of the 
fizures of analysis which have been worked out for the sewages and effluents are given 
here. At the same time it should be steadily borne in mind that although, on the 
average, the figures for any two determinations (say, determinations of albuminoid 
nitrogen and “oxygen absorbed”) may yield a fairly constant ratio, the ratios in 
individual samples may yet vary within such wide limits as to preclude any idea of 
one test being used as a substitute for another. 


(A.) SEWAGES. 


If the curves of analysis of the hourly sewage samples from the different farms 
be examined (Diagrams 1 and 2), it will be seen that the various nitrogen curves 
follow one another with, on the whole, great regularity, and that the chlorine curve 
also agrees fairly well with them in most cases. The “ oxygen absorbed” curve shows 
much greater divergences. The agreement between the curves for “cellulose,” sus- 
pended solids determined gravimetrically, and suspended solids determined volumetri- 
cally by the centrifuge is also good. 


1. Ratio between Organic Nitrogen and “ Oxygen absorbed.” 














eee wie aN nee 4 Rugby. Leicester. | Beddington.*| Cambridge. ea di dL. 
Chance Samples - 1:4°8 — — 1:74 1:4:1 1:54 1:45 
Hourly” - : - 1:41 Uh SiG} 1:56 Iba as: 1:6°0 1:5°4 1:52 








* The Nottingham sewage was partly crude. The Beddington sewage was screened. 


Tn a domestic settled sewage, therefore, the average ratio of the figure for organic 
nitrogen to that of “oxygen absorbed ” appears to vary more or less between 4:1 and 
55:1. Where trade refuse is present in quantity, as at Nottingham and Leicester, the 
ratio goes up very much. Of course it must be remembered, with regard to the 
above ratio, that while it may be looked upon as representing an average, the ratios 
in individual samples may vary considerably, as can be seen by a reference to the 
different sewage diagrams. 


2. Ratio between Albuminoid Nitrogen and “ Oxygen absorbed.” 





Bedding- South | Altrincham. 








—— Bree ee. Rugby. Leicester. ee Cambridge. | yn opwood. 
. Chance— ‘ 
Average - Ne Ope 1:10°4 1: 10°3+t 1:11°9 1:8°9 jaa bo 1:13°0 1:9°5} 
Extremes -| 68&116| 59&142| 7:0&179 | 848163] 46&123) 74&135 | 98&163/ 51&152 
Even or not - | Fairly even |Very uneven|Very uneven Very uneven|Very uneven|Very uneven’ Uneven /Very uneven 
} 
Hourly-- 
Average - 1:12°9 1: 166 1:10°9 1:19°0 e137 |. -ledld Leaks — 





Extremes - | 11:5.& 145 132 & 186 | 103 & 11° 172 & 20°9 | 10°7 & 184 | 10°6 &11°3 | 80 & 15°7 _ 





Even ornot ~- | Fairlyeven| Uneven | Very even Even Uneven | Very even | Uneven — 

















* Exeluding one sample of crude. 
+ Partly crude, partly settled and partly precipitated. 
+t Sewages and lagoon liquors together. 
From the above figures it would appear that for a settled domestic sewage the 
average ratio of albuminoid nitrogen to “oxygen absorbed” is somewhere about 


(10 to 13): 1, but that the ratios in individual cases are very uneven. This has of 3 


course been observed before. The influence of the trade effluents in the Nottingham 
and Leicester sewages is again noticeable here. Possibly the facts of there being no 
settlement (only screening) at Beddington, and of peppermint being present in some 
of the samples, had something to do with the irregularity there. 


| 





eas 


t« 


—_— te ts 


a ee ee ee ee ee? ee a ee 


BID 


(3) Average Ratio of Total Organic Nitrogen to Total Nitrogen. 





~ Aldershot 
Camp. 


Ao Ge 








4 MY 9 Sap be é - Soutl 
Nottingham. Ru gby. Leicester. | Beddington. Cambridge. es a ey 

1 id LP Seo mle 1 3 3°5* Torr ee a0" Oe 

i: ool desert 

















* Hourly samples. (In the case of Nottingham one of the samples was abnormal, and reduced this average. ) 
+ Chance and hourly samples taken together. 


The averoge ratio of the Total Organic Nitrogen to the Total Nitrogen is therefore 
about 1:3, the extreme average figures in the above table being 1 : 2°5 and 1:3°5. 


Aldershot 
Camp. 


i382", 


(4) Average Rano of Albuminoid Nitrogen to Total Nitrogen. 











Nottingham. Rugby. Leicester. Beddington. Cambridge. Reni 
| : 

Te 06'3 1g Ny 1: 6°8* Te8e2e 36°38 Ives opp 
1: 63+ ee giOT: 




















* Hourly samples. 
+ Chance and hourly samples taken together. 


Here the variations are more marked than in the case of the organic nitrogen ; 
but an average figure appears to be somewhere about 1: 7. 


(5) Average Ratio of Albuminoid Nitrogen to Total Organic Nitrogen. 

















ae Nottingham. Rugby. Leicester. Beddington. Cambridge. ere sh 
I Ac Ligh Davee iene S= LenS * 1 2 2°3* Weel thas 275) te 
215 32:8 

















* Hourly samples. 
+ Chance and hourly samples taken together. 


Speaking roughly, the average Total ‘Organic Nitrogen in the above sewages is: 
about double the Albuminoid Nitrogen, This is brought out more clearly in the: 


curves of the hourly sewage samples. 


6. Suspended Solids in the Sewages as run on to the Land (parts per 100,000). 











1 : * ere : P ‘ } 
—- eae pe niane = Rugby. Leicester. | Beddington. | Cainbridge. oe 
U = =e 
Hourly samples - - . 36°6 51'9 47°3 34°1 34°5 26°5 | 21°9 
| 




















In no case, therefore, was there a very great settlement before the sewage was 
treated. 


7. Ratio of the average figures expressing Gravimetric Solids (weights) to those for 
Centrifuge Solids (volumes). 











Aldershot | Notting- . i : | _ South 
—_——- Camp. haat? Rugby. Leicester. | Beddington. | Cambridge. Noawabd. 
3 Hourly samples - - - 1:4°7 — 1:6°4 1:5°8 1:6°6 1:60 1:66 














It will thus be seen that in all the above sewages, excluding the very strong 
sewage at Aldershot Camp (where the solids appear to have been rather heavier), 


6225. RR2 








SSS Sie a 


t 
i 
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the average ratio of gravimetric solids to “centrifuge* solids” is in every case about 


1: (6 to 7). Strictly speaking, it is illogical to compare a figure expressing volume with 
one that expresses weight, but it is worth while doing so in this instance. 


8. Ratio between the average figures Sor “ Celluloses”t and Suspended Solids. 























‘s tting- : F South 
eT Rie A eae ae ae Rugby. | Leicester. | Beddington. Cambridge. | ee fa 
Hourly samples - : . 129° 1:6-2 1:6°6 1:5°6 — 13679) 9 — 
| 











If we again except the sewage at Aldershot Camp, in which the preponderance 
of other solids to cellulose is very marked, the above figures indicate that the 
“cellulose” in a settledt sewage constitutes roughly one-sixth by weight of the total 
solids in suspension in that sewage. | 


Relation between Chlorine and Ammoniacal Nitrogen.—A study of the curves 
of the sets of hourly sewage samples shows that in the domestic sewages the chlorine 
curve follows that for ammoniacal nitrogen very evenly, but that there is no relation 
between it and the “ oxygen absorbed” curve. In an average set of hourly samples 
of a domestic sewage, therefore, the amount of chlorine might be taken as a rough 
guide to the ammoniacal strength of the sewage (this being, in fact, frequently done), 
but in chance samples it might not infrequently be misleading. | 


(B) Fina AND GENERAL EFFLUENTS. 


The numerous analyses of effluents given in the Tables of Analysis referring to. 
the different farms also show that though, on an average, the ratio between one test , 
and another, stated numerically, may work out very evenly, the individual variations | 
may be great. Hence there is considerable danger in reducing too far the number of 
chemical tests to be applied to an effluent, if an accurate estimate of its character is 
to be formed. 


The following ratios may be found of some interest :— 


(1) Ratio between Albuminoid Nitrogen and ‘* Oxygen Absorbed ” 


after deducting from the ‘‘oxygen absorbed” the oxygen equivalent of the 
5 ys ys 4 * 
nitrite present). 















































— ne pie ~ | Cambridge. | Altrincham. Bole: wie Rugby. Leicester. Ride 
Ratio ae 17 ie.) Glasaelcsts 1:10 Tei 1:8 1:14 1:14 ‘ 
Limits - - | 1:2 & 1:12 | 1:4 & 1:11 | 1:7 & 1:22} 1:8 & 1:16 | 1:5 & 1:19 | 1:6 & 1:10] 1:7 & 1:18 1:10 & 1:19 

Average ratio for the eight farms, 1 : 11. 
c 
, | | | 
Number of ef- | | 
fluents tested | zie 16 16a) 4 , ou | 16 9 5 
| 





The above ratio is of special interest, because of those two tests being so 
frequently relied upon for determining the quality of an effluent. It will be seen from 
the figures that. in the case of Nottingham, Altrincham, Aldershot Camp and 
Leicester, the ratios are very uneven, but that they are fairly even—within rather wide 
limits—in the case of South Norwood, Cambridge, Rugby and Beddington. In no 
instance, however, could the one test have been taken as a substitute for the other. 
Speaking generally, the better effluents have the lower ratios, though this is not by 








* Note——The volume given by the centrifuge is of course not the volume of the solids alone, but the 
volume of the mud (solids + water) deposited in the narrow calibrated part of the tube. 

+ Note. The Nottingham sewage was a mixture of screened + crude: 

| Cf. p. 3, par. 8; also Report on Methods of Chemical Analysis (Part V.). 
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any means always the case. Again, with exceptionally good effluents like those from 
Nottingham this very approximate conclusion may not hold, because of the error of 
experiment in the smad/ “ oxygen absorbed ” figure being relatively great. 


Note.—Some comparative quantitative laboratory experiments have shown—as 
was to be expected—that the oxidation by the alkaline permanganate solution used in 
the determination of albuminoid nitrogen at a high temperature (100° C. or over) is 
much greater than that effected. by the acid permanganate solution employed for the 
“ oxygen absorbed ” test at much lower temperature (25°7° C.). 


(2) Average Figures obtained for Total Nitrogen, Totil Organic. Nitrogen and 
: Albuminoid Nitrogen. 

















| 
Average. een Cambridge. | Altrincham. oe : | TO Rugby. Leicester. ates a 
Total Nitrogen. | 2°30 209 2-22 ° 2:90 | 6-0 2°31 2°53 2°30 
Total Organic — 0-21 ():26 0:26 | — — 0°45 — 
Nitrogen. | 
Albuminoid 0:03 0:09 0-13 0-14 | 0°26 0°18 0°20 0°10 
Nitrogen. | 

















(1) If we leave out of account the highly nitrated effluent from the strong 
sewage at Aldershot Camp, it is very remarkable that the average figures for total 
nitrogen in the effluents from the other seven farms only vary within the narrow 
limits of 2°09 and 2°53. 


(2) There is naturally no relation between the figures for total nitrogen on the 
one hand, and those for total organic and albuminoid nitrogen on the other, seeing 
that the degree of oxidation of the different farm effluents varied considerably. 


(3) In the case of Cambridge, Altrincham, Beddington and Leicester, the 
average aibuminoid nitrogen in the effluents constituted almost exactly one-half of the 
average total organic nitrogen; the data in the case of the other four farms are 
insufficient. 


(3) (A.) “Sufety” Ratio hetween Oxidized and Unowxidized Nitrogen (Unoxidized = 1). 


(B.) “Safety” Ratio between Albuminoid and Oxidized Nitrogen (Albuminoid = 1). 



































a ore Cambridge. Altrincham. eee vote | Rugby. Leicester. canted 
[" 

(A) - - ss ? Relor bcosd Or oF Probably | 0°3 or 0°6:1} Probably | 0°5 or 1:0:1| Probably 
medium. 0°25: 1 somewhat 

high. 
«{B) - - - ? Probably Sin Probably Say 4:1 Probably About Probably 
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By (A) is meant the minimura ratio of oxidized (nitric + nitrous) nitrogen to 
total unoxidized nitrogen, which allows an effluent to keep sweet upon incubation. 
The figures, however, are less conclusive than some of the others, but they show 
clearly that this ratio varies very considerably in different types of effluents.* 


{B) The “safety” ratio of oxidized to albuminoid nitrogen is, perhaps, more easy 
of application. - With the exception of the Cambridge effluents, which appeared to 
require a somewhat high ratio—i.e., a relatively large reserve of nitrate—none of 
_the others were higher than 3:1 or 4:1.* (Compare sections dealing with (a) artificial 
storm waters, and (>) standards.) iy he 


Notes.—(a) The Nottingham effluents were of such a high class that no approximation can be given here. 
(b) The data from South Norwood are insufficient for generalisation; probably, however, the 
“safety” ratio between oxidized and albuminoid nitrogen would be rather high in this 
case, seeing that the effluent is one from a dilute sewage. 
* No account has been taken here of the dissolved oxygen present in the effluents ; this 
ought to be done. | 
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Brook AND River WATERS, INTO WHICH SEWAGE EFFLUENTS FLOW. 


In his General Bacteriological Conclusions on the Land treatment of Sewage 
(Part III.: Bacteriological Report) Dr. Houston has brought forward strong 
arguments to show that no brook or river into which an effluent from a sewage 
farm flows should be used as a source for drinking water. In what follows, therefore, 
the streams are regarded from the point of view of non-drinking waters. : 


Fifty-four samples* in all of brook or river water from the various farms, drawn 
either above the effluent outfall or below it, were examined, some of them in 
duplicate after being kept fora time; this is, of course, not a very large number 
from which to deduce general conclusions, and any remarks made with regard to 
the brooks or rivers must therefore be read subject to this proviso. The details of 
the analyses are to be found in the separate Farm Reports. 


1. Aldershot Camp Farm; River Blackwater. Normal ratio of farm effluent to 
river water, 1 : 6. 


This small river was not ina satisfactory state at the times when our observa- 
tions were made, more especially during summer, but this was due to polluting matter 
entering it above the farm. The Aldershot Camp farm effluent from the old 
land must have exercised an oxidizing effect on the organic matter already present 
in the water. At the same time attention should again he called to the rather 
considerable bulk of fine flocculent weed (from the drain pipes) which is carried into 
the stream along with the effluent, and also to the high manurial value of the effluent 
itself, Not only is there a great loss of nitrate and other manurial constituents 
here, but the effluent must tend to choke the stream indirectly by encouraging 
vegetable growth in it. | | 


2. Altrincham Farm; Sinderland brook. Normal ratio of effluent to brook | 
water, 1: 3. 


Like the Blackwater, the Sinderland brook was polluted before it reached 
the Altrincham farm (speaking generally, the farm effluent must have had an 
oxidizing effect upon it), and was not in a satisfactory state at the time when our 
opservations were made. 


t 


3. Cambridge; River Cam. Normal ratio of effluent to river water, 1: 15. 


At Cambridge the river was in a fair condition in January and February, 1901. 
Of course the comparatively large volume of river water here minimises any effect 
that the effluent may exert upon it. . - 


4. Croydon (Beddington) ; River Wandle. Normal ratio of effluent to river water, 1: 85. 
ratio at first time of sampling, 1 : 12. F 


Judged by a non-drinking water standard, little or no fault was on the whole to 
~ be found with the water of the River Wandle in February and October, 1900, 
though the samples examined were not altogether free from flocculent matter. Here 
again we have a comparatively large volume of river water as compared with that of 
effluent. The last six samples were incubated before being examined, and, even 
allowing for the fact of the standard copper chloride tubes having weakened some- 
what, the samples maintained their dissolved oxygen well (i.¢., for a non-drinking 
water stream). 





* These were :— 
River Blackwater, seven samples (five in duplicate) ; 
Sinderland Brook, six samples (one in duplicate) ; 
River Cam, five samples (two in duplicate) ; 
River Wandlz, nine samples ; 
Anstey Brook, six samples ; 
River Trent, five samples (two in duplicate) ; 
River Avon, eight samples (three in duplicate) ; 
Chaffinch Beck, four samples ; 
Parrin Brook, four samples. 


<r 


319 


5. Leicester ; the Anstey brook. Ratio of effluent to brook water at time of 
sampling 1 :1. 


The volume of water in this small brook is sometimes less than that of the 
combined effluents from the farm in summer, but the flow is fairly rapid; in tue 
Engineering Report reference is made to the green growths in the stream, no 
sewage weed being observable. The samples tested varied somewhat, as was to be 
expected with such a small flow of water, and they contained appreciable amounts of 
suspended solids, no doubt from the effluent drain pipes; but, taking the existing 
circumstances of small dilution into account, the condition of the brook might be 
regarded as fairly satisfactory from a chemical point of view. 


6. Nottingham ; the Trent. Ratio of farm effluent to river water, say 1 : 160; 
the variations in volume are great, but the minimum ratio is about 1 : 60. 


In the months of July and August, 1900, the water of the Trent, as it flowed 
past the Nottingham farm, was not at all of high quality, though there was nothing 
offensive about it; it contained for a river water a large proportion of oxidizable 
matter, and usually a considerable quantity of solids in suspension. The volume of 
effluent as compared with that of the river water is very small, but, so far as it goes, 
the effluent must exercise an oxidizing effect on the water of the river, which—as 
stated in the Engineering Report—receives the sewage from most of the populous 
villages on its banks. 


7. Rugby; the Avon. Normal ratio of farm effluent to river water, 1:20; ratio 
at second time of sampling, 1 : 30. 


The water of this river was, on the whole, in fair condition chemically, at the 
time of our observations, but in summer the large amount of oxidizable matter in one 
of the samples drawn above the effluent outfall showed that there was at the time 
some polluting liquid—not from the high level farm —entering the river. Still, the 
samples tested maintained their oxygen fairly well upon incubation. The volume of 
river water to effluent is again rather large here. 


8. South Norwood; the Chajinch Beck. Ratio of effluent to brook water at second 
time of sampling, 3:1. 


Even in winter the volume of this little stream often does not exceed that of the 
farm effluent, while the Engineering Report states that in dry seasons very little effluent 
leaves the farm at all, owing to evaporation. It is further noted in that Report that 
the Beck evidently receives a certain amount of pollution from surface water drains 
which join the effluent ditch before the effluent itself flows into the brook. The 
samples of water examined contained very appreciable amounts of brownish flocculent 
matter in suspension and showed too much oxidizable matter generally. There 
Was no question of nuisance arising, and three out of the four samples were well 
aerated when analysed, but the relatively high figures for “‘ oxygen absorbed ” from 
permanganate showed that, from one cause or another, this little brook—judged 
from a brook-water standard—was not in a very satisfactory condition at the time our 
few observations were made. 


9. Worsley; The Parrin brook. 


This brook, which is of small volume, was in a very unsatisfactory state when 
our samples were drawn and examined. It is however noted in the Engineering 
Report that the contamination of the water arose not merely from the effluent of 
the Worsley farm, but also from that of another sewage farm higher up the stream. 


Conclusion. 


It will thus be seen that the rivers or brooks at about half of the above farms 
were not in a satisfactory condition, but that in nearly every one of these cases the 
material pollution took place abore the farm effluent outfalls, 7.2, the streams were | 
polluted before they arrived at the farms. Leaving out the contingency of having 


320 


a sewage farm on peat or other wholly unsuitable land, assuming always that the water 

not to be used for drinking or domeshc purposes, and speaking. in general terms, 
there seems no reason why the purity of a brook or river should be so affected by 
the discharge of an effluent from a well-managed sewage farm as either to give rise 
to any nuisance, or, so far as can be judged in the present state of our knowledge, 
to injure fish life. | kee 


: 


~ Supsor: WATERS. : iy Log 


Of subsoil, well and spring waters, drawn in the immediate neighbourhood. of _ 

sewage farms, 15 samples were analysed, viz. :— 
No. 5, Leicester subsoil water ; 

60, Aldershot Camp well water ; 
78, Altrincham. subsoil water ; 
, 219, Cambridge subsoil water ; 
TED fi 
») SD} 
2492, 
244 Lato well water ; 
3) 410, 
7) peels 
i 2a, [Laton spring water ; 
, 243, 


ier 
ABS Water from unsewaged peat land on the Worsley farm. 
290,35 | 


For the details of the analyses of these, the separate Farm. Reports with their” 
accompanying Tables must be consulted, but a short summary may be given here. | ‘% 


9) 


DD 2th Ote OR 


| Rugby well water ; 


a ee ee ae 


Leicester.—No. 5 was a sample of subsoil water drawn from a small sandy 
stratum in the boulder clay, at a depth of 7 feet 6 inches, from a high-lying portion — 
of the Leicester farm; this part of the farm, although it had never been actually — 
sewaged itself, was within 50 yards of sewaged ground. The sample proved to be 
a very pure water organically, with no signs of sewage contamination, chemically — 
speaking. : 

Aldershot Camp.—No. 60, a sampie of well water representing the subsoil water, 7 
was drawn far enough away from the farm to be in no danger of contamination. The 
well was 8 feet 6 inches deep, and there were 3 feet 6 inches of water in it at the 
time. This water was fairly pure, though it yielded too much albuminoid nitrogen — 
for a drinking water, and it also contained a relatively large amount of organic 
matter—evidently of vegetable origin. ! 










Altrincham.—No. 78 was a sample of subsoil water, drawn from a trench on the’ 
farm sunk 3 feet 6 inches deep; this trench was about 150 yards from the sewaged ~ 
land and about 100 yards from a large heap of fish refuse. The sample might be 
classed organically as a moderately good effluent, the high “oxygen absorbed” figure” 
being to some extent due to the presence of ferrous iron. The water, coming as it 
did from peat land, remained distinctly acid after being boiled. SS 


Cambridge.—No. 219, subsoil water taken at the outcrop of the Gault from a land 
drain. This water was very pure, though showing rather too much albuminoid nitrogen — 
for a drinking water. It contained practically no oxidizable matter, the dissolved — 
oxygen undergoing hardly any diminution in a duplicate sample kept for two months — 
at atmospheric temperature; there was a considerable amount of nitrate in it. + 


Rugby.—Nos. 237 and 239 were interesting samples, drawn from a well on the 
High Level farm at Rugby which was within 40 feet of sewaged land. The well 
was 20 feet deep, with 10 feet of water in it. Both samples were organically pure, | 
although the large amounts of chlorine and of nitric nitrogen present showed that — 
‘the water must in all probability have been derived from the sewage of the farm, which | 


had however undergone in its passage through the soil a most efficient filtration and — 
parification, chemically speaking. 


Fy 
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Luton.—(a) Nos. 242, 244 and 410 were samples of water drawn from a well ir 
a cottage garden about 90 yards from the Low Level sewage farm. The well was. 
20 feet deep, with 2 feet and 1 foot 3 inches of water in it at the different times. 
These samples showed pollution, but the results were inconclusive as regards the. 
sewage farm, for it was found in the course of the examination that the well was 
liable to pollution from feecal matter applied as manure in its immediate neigh- 
bourhood. | 


(0) Nos. 240, 241 and 243 were samples of spring water drawn from springs at: 
some watercress beds about 200 yards from the Luton Low Level sewage farm. 
This water proved to be good chemically, though No. 248 did not maintain its 
dissolved oxygen very well on incubation, thus showing the presence of a little 
oxidizable matter of one kind or another. The variation in the amount of chlorine 
in Nos. 240 and 243, both of which were drawn from the same spot within eight. 
days of one another, also requires elucidation. 


Worsley.—Nos. 279, 283 and 290 were samples of peat water drawn from the 
unsewaged part of the peat land on the Worsley farm. The first and last of these 
were apparently free from sewage contamination, and they showed the usual 
characteristics of peaty waters, 7.¢., they contained a good deal of oxidizable organic. 
matter and remained acid even after being boiled. 


With so few samples, drawn under such diverse conditions, it would be unwise 
to attempt any generalisation other than that the results show that very great care is 
necessary with respect to drinking water supplies drawn anywhere in the neighbour- 
hood of a sewage farm. 


SToRM- W ATERS. 


Only one sample of storm-water from a farm was examined, viz., No. 68, drawn at 
Altrincham after the overflow had been working for an hour and a-half. This was a. 
dilute sewage, and putrid when received, though containing only a small quantity of 
black deposit. It gave the figures 0°48 albuminoid nitrogen, 0:93 total organic 
nitrogen, and 6°13 “ oxygen absorbed” in 4 hours at 26°7° C. (80° F.). 


Somewhat more recently, however, we have been enabled by the courtesy of Mr. 
Tatton, of the Mersey and Irwell Jomt Committee, to examine about thirty samples 
of storm-water from Macclesfield, Rochdale and Stockport. So far, nearly all of 
these have been drawn on the ascending curve of the storm, the dilutions ranging 
_ between three and seven times the dry-weather flow,—in the majority of cases three to 
four times. In quality those storm-waters might be classed as varying between 
exceptionally strong and very weak sewages, nearly half of them being weak, and 
the remainder medium to strong. A few ofthem contained extraordinary amounts of 
suspended solids (up to 366 parts per 100,000), others only small quantities. When 
the samples came to be analysed, about two-thirds of them were more. or less 
inoffensive as regards smell, the remaining third having a sewage odour. Fully half 
of them were subjected to the incubator test, with the result that they became putrid ; 
and no doubt all the others would have done the same. In comparing sets of 
samples drawn on the same day, at intervals during the storm, it was seen that the 
liquid might continue to be bad during a flow of two or three hours; this is, of 
course, a point of great importance. 





These results are sufficient to emphasize the necessity for settling and 
treating storm-waters up to the limit of dilution that a sewerage system may 
reasonably be asked to provide for (¢ Part I.: General Report, Section IX. 
General Conclusions). 


SURFACE STREET WASHINGS, &c. 


Of Surface Street Washings, seven samples were examined, viz., Nos. 174, 179 
182 and 1874 from South Norwood; No. 231 from Rugby; and No. 311 and 314 
from Aldershot Camp. The detailed analyses of these are given in the tables 
peconsed to the respective Farm Reports, but they may be shortly summarized 

ere. 
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No. 174, drawn 14th November, 1900, was a sample of surface water from 


streets and front roofs drawn at South Norwood during sharp showers, the weather 
having been showery ou the day previous. It contained a good deal of sand, but 
was comparatively pure as regards organic matter and kept good upon incubation. 


No. 179, drawn 21st November, 1900, was another sample of surface water from 
streets, after moderate showers, the streets having been previously washed fairly 
clean by rain. This did not contain much sediment, but was organically more impure 
than the preceding sample; it had no smell when received, but became putrid upon 


incubation. 


No. 182 was drawn on 28th November, 1900, after the surface drains had been 


running for three hours. It was very turbid and brown and contained much grit. 
Organically it might be classed as a dilute sewage. 


No. 187A, street water drawn 1st December, 1900, after a slight rainfall, was — 
comparatively pure as regards organic matter. Though it showed a good deal of 


flocculent sediment, it kept sweet upon incubation. 


No. 231, street washings taken from a surface water drain at Rugby on 


4th March, 1901, at a time when the street was very clean after heavy showers, was 
turbid and brown with a large amount of gritty sediment, but comparatively pure as 
regards organic matter ; it withstood incubation. 


No. 311, street washings from a surface water ditch at Aldershot, was drawn on 
2nd July, 1901, after two days heavy rainfall; at the time of drawing, the water in 
this ditch was flowing at about the rate of ten million gallons per 24 hours. The 
above sample was brown and turbid (though it had only a slight brown tinge when 
filtered), and it contained a great deal of sand and also brownish suspended matter. 
The analysis gave the high figures of 0°49 parts albuminoid nitrogen, 1°05 total 
organic nitrogen and 8°93 “oxygen absorbed” in four hours. Though this had a 
clean smell when analysed, it became black and putrid upon incubation. 


No. 314, street washings and roof water from Aldershot Camp, drawn 3rd July, 
1901, after three days’ rain, was muddy from a considerable quantity of suspended 
solids, with grit in addition. Though the aggregate organic matter was less than in 
sample No. 311 (the figures being 0°34 albuminoid nitrogen, 0°64 total organic nitrogen 
and 3:46 “oxygen absorbed”), it was smelling slightly when analysed and became 
black and putrid on incubation. 


Although the above samples were few in number, they show at all events :-— 


1. That even when a street water is comparatively pure organically, it requires 
settlement for grit (Nos. 174 and 231). | 


2. That even after long-continued rain, street surface waters may be very — 


impure (Nos. 182, 311 and 314). 


ARTIFICIAL STORM WATERS. 


The consideration of storm waters again raises the question of standards, and — 
illustrates very clearly the weak points of what may be called an “absolute ”* standard 


for effluents. In connection with this, the following experiments were done :— 


(1) Six artificial storm waters were made at different times from Beddington and 
South Norwood sewages by diluting them down to (a) the Mersey and Irwell 
provisional effluent standard for albuminoid nitrogen (0°12 part per 100,000), or (0) 
to half that standard (0°06 part) with tap water; this latter of course contained 
dissolved oxygen, and, in addition, some nitrate.t These liquids (Nos. 158, 161, 


1644, 1644,), 170, and 1814.) were then allowed to stand for six to twelve days in — 


full bottles, either at taboratory temperature or at 26°7° C. (80° F.). In every case, 
excepting possibly No. 1644, (the sample diluted to ha/7 the M. and I. standard), the 
mixture was eventually found to be putrid. 











* The term “ absolute” is not really distinctive, but it may serve for want of a better. 
+ Two samples of this tap water, examined ata later date, were found to contain approximately 0°25 
and 0°30 parts of nitric nitrogen per 100,000. 
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Again, three other samples (Nos. 1814; , and) were diluted with tap water to the 
Mersey and Irwell effluent standard for albuminoid nitrogen, and quantities of 
potassic nitrate were added equal respectively to 0-1, 0-2 and 0:3 parts nitric nitrogen 
per 100,000 of liquid. After incubation at 26°7° C. (80° F.) for seven days, these were 
all found to be very putrid. 


Lastly, three more samples (Nos. 1934,, , and ,) were diluted with distilled water 
to the Mersey and Irwell effluent standard for albuminoid nitrogen, and quantities of 
ammonium nitrate were added equal to 0°3, 0:15 and 0-075 parts nitric nitrogen per 
100,000, the last sample being then diluted further with three volumes of tap water. 
After incubation for six days all those three solutions were found to be sweet. 


The results of the above experiments are thus to some extent contradictory, but, 
taken all over, they show :— 


(1) That dilution of a sewage with tap water down to the Mersey and Irwell 
effluent standard for albuminoid nitrogen gives a mixture which putresces upon incu- 
bation. In other words such a mixture is far more liable to putrefaction than an 
effluent of apparently the same strength as judged by the albuminoid nitrogen test. 
Even when the dilution is carried twice as far—.e., down to half the Mersey and 
Irwell standard—the mixture will in all probability be putrescible upon incubation. 


(2) That an added quantity of nitric nitrogen (up to 0°3 part per 100,000) to a 
dilute sewage of the Mersey and Irwell albuminoid nitrogen standard for effluents 


may not be sufficient to prevent this putrescence upon incubation, although on the 
other hand it may. 


On the next page the foregoing results are given in tabular form. 


For further notes and conclusions upon this point, see the Section upon Standards 
in this Report, page 325, 


Sie 
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‘SUALVM WHOLS TVIOISILAV 


(CHEMICAL STANDARDS OF PURITY FOR SEWAGE EFFLUENTS. 


The question of what considerations should weigh most in recommending a working 
‘chemical standard of purity for sewage effluents is a very difficult one. 


The standard of purity for effluents recommended by the Rivers Pollution 
‘Commission for 1868, so far as regards matter in suspension and organic matter in 
‘solution, is :-— 


(a) The liquid shall not contain, as solids 7m suspension, more than 3 parts 
by weight of dry mineral matter, or more than 1 part by weight of dry organic 
matter in 100,000 parts of effluent. 


(b) It shall not contain iz solution more than 2 parts by weight of organic 
carbon or more than °3 part by weight of organic nitrogen per 100,000.* 


The Mersey and Irwell Rivers Board provisional standard (converted into terms 
_-of nitrogen and into parts per 100,000) is :— 


‘12 part albuminoid nitrogen per 100,000*, and 1:43 parts “oxygen 
absorbed” from permanganate in 4 hours at 60°F. (15°6° C.). At the same time 
this Board also takes into account the rate at which an effluent takes up 
dissolved oxygen and nitrate from water. 


Dr. Barwise, of the Derbyshire County Council, recommends the following :— 


Parts per 100,000. 

Total suspended matter - - - - - - - - less than 3°0 
“Oxygen absorbed ” at 80° F. in 4 hours - : - - . : - 15 
Albuminoid ammonia - - - - - - - - . - - 0°15 

(Equal to albuminoid nitrogen 0:12) 
Nitrogen as nitrates - : - - - - - - at least 0:25 

This last approximates to the Mersey and Irwell standard (excepting that 
‘the “oxygen absorbed” test is done at 8U° F. instead of 60° F.), but with the 


addition of a small quantity of nitrate as a safeguarding factor. 


Mr. Dibdin has always accepted the standards laid down by the Mersey and Irwell 
Joint Committee, which he considers very fair working standards. (He determines 
“oxygen absorbed,” however, at a temperature of 80° F. instead of 60° F. and uses 
a strong permanganate solution). But, in addition, he feels very strongly that the 
maintenance of the dissolved oxygen, on keeping, at a point above 56 per cent. of 
the total possible, is one of the most important considerations, as it shows the 
capability of the effluent to support fish life. 


Dr. Rideal judges the quality of an effluent to a large extent from the ratio of 
oxidized to unoxidized nitrogen in it. At the same time he takes into account the 
ratio of chlorine to total nitrogen, as giving a good approximation to the original 
amount of animal matter present in the crude sewage. 


Dr. Adeney is opposed to any hard-and-fast standard, being of opinion. that 
‘standards should vary according to local circumstances, as otherwise small and 
poor communities might be very hardly dealt with. (Report of the Sewage Com- 
mission, 1898, Vol. II. Ques. 2421—2426.) 


The West Riding Rivers Board has not published any standard, but we under- 
‘stand from Dr. Wilson that it relies mainly upon the “ oxygen absorbed ” test at 80° F., 
and at the same time allows for the presence of nitrate in an effluent. 


The Thames Conservancy has likewise not published any standard. 





* Note.—It will be seen that, as regards organic nitrogen, these two standards are pretty much the 
same. In the final effluents examined for the present Commission from the Cambridge, Altrincham, Beddington 
-and Leicester farms, the albuminoid nitrogen constituted on the average almost exactly one-half of the total 
‘organic nitrogen (the data fcr this ratio in the case of the other farms are insufficient). 
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The Ribble Joint Committee has not officially fixed upon any standard, but uses 
provisionally the following figures as a rough working classification :— 
~ Albuminoid ammonia, if under 0:1 part per 100,00 - - Effluent good. 
0°15 to 0-2- - : : - - - Unsatisfactory. 
- ¥ over OZ - : - - _ : a Bad. 


Without quoting further opinions, it is thus evident that the views upon standards. 
held by acknowledged authorities on the subject of sewage purification differ con- 
siderably from one another. 


We do not propose at present to touch upon the question whether or not the 
chemical standard of purity for an effluent might be allowed to vary within certain 
limits, according to the volume of the stream into which the effiuent flows, but merely 
to consider upon what principles a standard might reasonably be based, supposing the 
Commission were ultimately inclined to recommend one. 


A standard may be either (1) one of non-putrescibility of an effluent, without 

any regard to the rate at which that effluent takes up oxygen; or it may be (2) one 

“non-putrescibility, having regard also to the rate at which oxygen is taken up. It 

sof course obvious that the second must be the higher standard of the two. In both 

cases it is assumed that suspended solids are either absent, or at all events are not 
present in larger quantity than allowed for by the Rivers Pollution Commission. 


”? 2? 


(1) An effluent may show itself to be non-putrescent under the incubator test, and 
may be either a good or an indifferent effluent (though the probabilities are in 
favour of its being good), that is to say, it may be a sample which is already so 
fully oxidized as not readily to take up oxygen from the water of a stream; or, on 
the other hand, it may be only partially oxidized, and therefore prone to take up 
oxygen from surrounding water, but at the same time be kept from being offensively 
putrescent by the presence of excess of nitrate* (cf Section upon “ Artificial Storm 
Waters” in this Report). While the incubator or non-putrescibility test is therefore 
a most valuable one when taken in conjunction with others, it cannot be recom- 
mended alone asa basis fora standard. It is not impossible, also, that an effluent 
only partially purified, but still containing sufficient nitrate to enable it to withstand 
the incubator test, might tend to deposit colloidal matter which—-separated from the 
nitrate in solution—might be putrescible. Another and not unimportant point to 
bear in mind is that the incubator test requires several days for completion ; and, 
moreover, the time limit and the temperature used for this test are quite arbitrary. 


(2) Suppose we take the hypothetical case of two sewages of the same nature, 
containing in equal volumes amounts of organic matter expressed by the figures 10 
and 5 respectively, then 50 volumes of the first (A) will contain as much organic 
matter as 100 volumes of the second (B). Hence, if they are both to be purified down 
to the same absolute standard, it is clear that--volume for volume—twice as much 
purification will require to be done upon A as upon B. Again, the two effluents, 
(A), and (B),, although they give identical percentage figures for, say, albuminoid 
nitrogen, are not really equally pure, the effluent from the stronger sewage (A) being 
asa matter of fact better than the effluent from the weaker one (B); for we think 
it isa point of universal experience that the more the organic matter of an effluent 
is reduced, the less rapidly fermentable does that residual organic matter become, 
or, to put this last statement numerically. if two effluents from the same sewage 
yield albuminoid nitrogen in the proportions of ‘2 and ‘1 parts per 100,000, the first 
effluent will be more than twice as fermentable as the second, 7.¢., it will have more 
than twice the tendency to take up oxygen.t Any more or less “absolute ” standard like 





* Note.—There appears to exist doubt in some minds as to whether an effluent, when left to itself. 
exhausts its dissolved oxygen before beginning to use up its nitrate, or whether both are utilized simul- 
taneously. But we think that the various results bearing upon this point which we have obtained (and 
which are to be found in the various Chemical Tables of Analyses) are in accordance with the earlier 
observations of Adency (“‘ Recent Advances in the Bacterio-Chemical Study of Sewage and other Polluted 
Waters” ; Engineering, 1896), which were based on the work of Munro (Jowrn. Chem. Soc. Vol. 49, p. 651) 
and of Gayon and Dupetit (Station Agronomique de Bordeaux, 1886), and strengthen the conclusion that, in 
accordance with chemical theory, the oxygen is consumed before the nitrate is touched, provided that the 
liquid is free from suspended: organic matter. Should the latter be present, the upper layers of liquid 
might still conceivably contain some free oxygen, while the nitrate in solution in the lower layers was 
being attacked by adjacent organic matter in suspension. 

+ Note.-—The experiments upon “ Artificial Storm Waters” recorded in’ this Summary furnish an 
extreme case of this. They show that dilution of a sewage with tap water down to the Mersey and Irwell 
effluent standard gives a mixture which putresces upon incubation. Even when the dilution is carried twice 


as far, i.¢., down to half the Mersey and Irwell standard, the mixture will still in all probability be putrescible 
under those eonditions. 
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the provisional one of the Mersey and Irwell Board, therefore, must necessarily press 
more hardly upon places which have to deal with strong sewages than upon those 
which treat weak ones. 


It might be argued, in reply to the last sentence, that the area of irrigable 
land on a sewage farm should be proportionate not merely to the volume but also to 
the organic strength of the sewage which it has to treat (a subject which has been 
discussed in the General Report ; cf Section I; Sub-section 11); but this only partially 
meets the point, and, in its turn, it raises the question—whether is it easier to 
purify 50 volumes of a stronger sewage (A) or 100 volumes cf a weaker sewage (B) 
on a given area, the aggregate organic matter in both sewages being equal? But 
with respect to this last query we have no comparative data for an answer. 


To return to the hypothetical sewages (A) and (B), containing respectively 10 
and 5 parts of organic matter :—If these are purified to the same proportionate extent, 
then the effluents (A), and (B), will contain, say, ‘2 and ‘1 parts of albuminoid nitrogen 
per 1£0,000, ¢.¢., they will be altogether different if judged by an “absolute” standard, 
but, as regards the rate at which they will take up dissolved oxygen, they will 
probably approximate to one another. , 


It seems, therefore, reasonable to suggest that, if any chemical standard of purity 
is to be ultimately proposed by the Commission, it should be one depending, at all 
events partially, upon the rate at which oxygen is taken up, all the more since the 
diminution of the dissolved oxygen in brook and river waters by effluents is one of 
the main things which we have actually to guard against. This basis is a scientific 
one and, further, it is one which follows on the lines of some of the most valuable work 
that has been done upon sewage, ¢.g., that of the late Sir E. Frankland,* of Dr. Dupré,* 
and of Dr. W. E. Adeney,* and others. The principle, too, has for a good whils 
past been practically recognised by men like Messrs. Scudder, Dibdin and Fowler, 
who carry out “aeration” tests upon this line. For a recent paper on the subject, 
see also Dr. Rideal, The Analyst, Vol. 26. p. 197. 


The main objection to a standard depending, in part at least, on the rate of 
absorption of dissolved oxygen, is that we cannot imitate in the laboratory the ever- 
changing conditions of a natural stream, and that therefore any dissolved oxygen 
absorption test that might be recommended for adoption must be an arbitrary one. 
The whole subject, however, is one with regard to which it would be advisable to 
collect the views of those workers who hare given special attention to the point. 
There are no doubt already a considerable number of existing records showing the 
rate of absorption of dissolved oxvgen, under definite conditions, by effluents of 
known chemical composition (in the Mersey and Irwell laboratory, for example, 
Mr. Scudder has had the “dilution” method of this aeration test in use for a long 
time); and further records of the kind are being made now for the Commission. 


One of the chief difficulties in connection with this is, should the rate of 
absorption of dissolved oxygen be tested at an uniform temperature all the year 
round, say, at about 18° C. or 65° F. (which would practically cover the summer 
temperature of effluents ; ¢/ General Report, Section IV.), or should it be determined 
at the atmospheric temperature of the day? There is a good deal to be argued in 
favour of either alternative, ¢. g. — 


* Note.—In the First Report of the Rivers Pollution Commission, Vol. I., p. 20, the following passage 
occurs :— 

“The oxidation of the organic matter in water is effected chiefly, if not exclusively, by the atmospheric 
“oxygen dissolved in the water ; such dissolved oxygen being weli known to be, chemically, much more 
* active than the gaseous oxygen of the air. If, therefore, water contaminated with organic matter be perfectly 
“excluded from the air in a carefully-stoppered bottle, the gradual diminution in the amount of dissolved 
“ oxygen indicates exactly the progress in the oxidation of the organic matter.” 

Tn the Supplement to the Report of the Local Government Board for 1884-5 there is a paper by Dr. Dupré 
on “Changes in Aeration of Water, as indicating the nature of the impurities present in it,” in which he shows, 
among other things, that the amount of dissolved oxygen taken up by natural waters, in which bacteria are 

"active, is very much greater than the amount of oxygen which the same waters take up from a solution of 
permanganate. In other words, one cannot necessarily infer, from the rate of absorption of oxygen from 
permanganate by an effluent, what the rate of abscrption of dissolved oxygen from brook water by the same 
effluent would be. © 

Lastly, in the Transactions of the Royal Dublin Society V. (Series II.), 1895, Dr. Adeney writes :— 

“T therefore propose, in this communication, to deal with such experiments as bear directly on the 
“question with which I started this investigation, viz., whether the wmount of the dissolved oxygen conswmed 
“ during the complete fermentation of a polluted water might not be regarded, for the purpose of water analysis, as 
a @ quantitative index to the amount of fermentable substances originally present in it, provided that during the 

Process care is taken to have the oxygen in excess in the water.” 


; hf 
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(1.) Zest made at uniform temperature. 


a) The standard would in this case remain nearly, though not quite actually, the: 
same throughout the year, taking no account of the temperature at which an effluent. | 
was purified (¢.g., over land), of its state of dilution or concentration as varying with — 
that temperature, or of the temperature of the stream into which it was discharged ; _ 
in other words, to put the matter broadly, the comparatively dilute effluent obtained 
from an irrigation farm in cold frosty weather would be judged by the same standard 
as the comparatively concentrated effluent got from the same farm in warm weather. 

(d) On the other hand, the test would not be quite so easy to carry out and, — 
anless there was a laboratory at the sewage farm or works, it could not be applied to 
an effluent until the latter had reached the laboratory where it was to be tested, which 
as a rule would be on the succeeding morning. Since the bacteria which are active. 
with regard to the absorption of dissolved oxygen are probably most active within 
the first 24 hours after the effluent is discharged, this delay might be considered ~ 


a drawback. } 


(2) Test made at the atmospherie or laboratory temperature of the day. 


(a) In this case the stringency of the standard would vary with the season of — 
the year, being, of course, greater in warm weather ; some people might consider this. 
a recommendation, seeing that nuisance from a bad smell arises much more easily In — 
summer than in winter. 


¥ 
(b) But the test would be simpler of execution than in the case of (a), and it could, 4 
moreover, be put in force the moment a sample was drawn. Thus, a small sample 
might be aerated by thorough shaking in a large, nearly empty bottle, and the : 
residual oxygen determined 24 hours later, either at the farm or sewage works, or 
at the laboratory to which the sample was despatched. Or, if more convenient, the — 
dissolved oxygen might be added as Mr. Scudder does it, ¢.¢., in the form of tap — 
water, though this would rather lengthen the time required for the test. Me 


‘a 

Without making any definite or final statement on the subject at present, we think — 

it would probably be found that any effluent which did not within the 24 hours after — 

drawing take up more than about 3 to 4 c.c. of oxygen per litre (when kept in a full | 

bottle at, say, 18° C. or 65° F.), would be found to be chemically satisfactory. Thess 

test might have to be taken in conjunction with the permanganate “ oxygen absorbed ” 
effluent at any time (measured, say, by the albuminoid nitrogen), though this additional 

precaution might in the end be found unnecessary. 


" 
test, to provide against the (unlikely) contingency of an effluent being a sterilized one ; | 
We think there can be no doubt that, if it could be satisfactorily and easily worked ) 





and, in the present state of our knowledge, it might also be advisable to safeguard it 
further as regards a maximum of nitrogenous organic matter to be allowed in any” 
out in practice, a standard based upon the above principles would deal equably — 
between effluents from strong and weak sewages, not favouring the one at the expense” 
of the other. He 


___ The above views with regard to standards were brought before the Commission 
in 1902, but it may perhaps be desirable to place them on record here. | ¥ 
4. 
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__ Nort.—These Reports to the Commission on Land Treatment of Sewage 
are published in four parts, viz. :—- 


f _ Part I.—General Report by Dr. G. McGowan, Dr. A. C. Houston, 
| 7 and Mr. G. B. Kershaw. 


Part II.—Chemical Report by Dr. G. McGowan. 
Part III.—Bacteriological Report by Dr. A. C. Houston. 
Part [V.—Engineering and Practical Report by Mr. G. B. Kershaw. Pa 
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EXTRACT FROM THE FOURTH REPORT OF THE ROYAL — 
COMMISSION ON SEWAGE DISPOSAL(1904. Cp. 1883), 


28th December 1903. a A 





“We have considered it desirable to publish, at this stage, the results. and infor 
tion which have been obtained by our own officers in regard to land treatmen 
sewage and methods of analysis, but we shall defer reporting on these matters: 
our investigations, which are now in progress, in regard to other methods of : 
treatment are completed.” (Paragraph 117,page xl.) rs 
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INTRODUCTION. 


Section I.—ALDERSHOT CAMP Sewage Farm. 
“ IJ.—ALTRINCHAM Sewage Farm. 
oss III.—CampBripcE Sewage Farm. 
»  1V.—Croypon (Beddington) Sewage Farm. 
V.—LEICESTER Sewage Farm. 
»  WVI.—Soutu Norwoop Sewage Farm. 
» WII.—Nortrincuam Sewage Farm. 
» VIII.—Rvuesy (High Level) Sewage Farm. 


Ss IX.—SANDHURST, LINDFIELD, LUTON, WorsLEY, HEMSWORTH, anid 


Dersy County ASYLUM Sewage Farms. 





CONCLUSIONS. 


APPENDIX I.—Showing as regards the (1) B. coli and (2) indol tests the results of the 
bacteriological examination of numerous samples of sewage and effluents. 


APPENDIX II.—Showing as regards the (1) “Gas”; (2) B. enteritidis sporogenes, and (3) 
Neutral-red broth tests, the result of the bacteriological examination of numerous samples of sewage 
and effluents. 


AppeNpDIx III.—Showing as regards the (1) “Gas”; and (2) B. enteritidis sporogenes 


tests, the results of the bacteriological examination of numerous samples of sewage and effluents. 


ApprENDIX IV.—Showing as regards the (1) Neutral-red broth; (2) litmus milk; (3) 


B, enteritidis sporogenes, and (4) “gas” tests, the results of the bacteriological examination of 


numerous samples of sewage and effluents. 


APPENDIX V.—Showing the results of the bacteriological examination of average samples 
of crude sewage. 


APPENDIX VI.—Showing as regards the neutral-red broth test (a) “ordinary” and 
{b) “spore” curves; and the indol test (a) “ordinary” and (b) “spore” curves, the results of 
the bacteriological examination of samples of sewage and effluents. 


APPENDIX VII.—Showing as regards Klein’s B. enteritidis sporogenes test and the virulence 


of the typically changed milk cultures, the results of the bacteriological examination of samples of 
sewage and effluents. 
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INTRODUCTORY. 


GENERAL CONSIDERATIONS. 


In dealing with the subject matters with which this report is concerned, 
the following considerations had to be borne in mind :— 


The chemical qualities of the effluents from sewage farms have been 
investigated in the past ; and, although at the commencement of this inves- 
tigation further information in many directions appeared most desirable, it 
could not be said that the subject had not already received a large measure 
of attention. 


The contrary, however, was the case as regards the biological qualities of 
the effluents from sewage farms. In this country, at all events, the matter 
had received practically no consideration, and the biological qualities of the 
effluents from sewage farms were unknown. 


In the past, it has been the custom to insist, as the result of a broad basis 
of observed facts, aided by the result of chemical research, on the treatment of. 
sewage on land as the natural and the best way, from the administrative point: 
of view, of disposing of excremental matters. At the period in question, 
bacteriology had not been brought to bear in any practical manner on the 
question of sewage disposal. 


Within recent times, circumstances have greatly changed. Population has 
increased, and has tended to become aggregated in districts where land is 
difficult to acquire and, moreover, is unsuitable in character for sewage disposal. 
Population has increased too in narrow valleys, where it may be practically 
impossible to resort to the treatment of sewage on land. ‘The consumption of 
water per head of this population has likewise increased, and the use of water- 
closets has become almost universal. | Trade has grown largely, and with its 
growth trade refuse has multiplied, with consequent serious pollution of our 
watercourses. Advancing education of the masses, with increased importa- 
tion of foreign foodstuffs and other correlated circumstances, has tended to 
depopulate country districts. The difficulty of obtaining water supplies for 
large communities from non-polluted areas is greater than ever before. 
All these conditions have contributed seriously to alter the whole problem 
of sewage disposal. Meanwhile bacteriology has come to be considered 
an indispensable adjunct to chemistry in the re-investigation of the entire 
subject. 


The expectation that by associating the land treatment with chemical 
treatment the increasing volume of sewage to be dealt with in each town or 
district could be efficiently purified has been, relatively speaking, disappointed. 
Nevertheless, chemical treatment, antecedent to land and artificial processes 
of treatment, has in particular cases been found to be useful, 


The modern bacterial treatment of sewage is still in the experimentat stage, . 
but, judged by chemical and practical standards, it has so far proved. a. 
success in particular, if not in general, cases. 


But, it will beasked, apart from chemical and practical considerations, what 
is known of the biological qualities of the effluents from bacterial processes 
of sewage treatment and of the effluents from sewage farms ? 


As regards the effluents from bacterial processes of sewage treatment, the 
Commission have already received much information, and the subject is still 
under investigation. The general outcome of these observations has been 
to afford presumptive evidence of the strongest kind that, until positive 
evidence to the contrary is forthcoming, it would be wise to regard the 
effluents from bacteria bed processes of sewage treatment as hardly safer in 
their possible relation to disease than crude sewage. | 


As regards the effluents from sewage farms, it remains to be shown what 
the results of the present investigation have been, and what inferences can 
be safely drawn theretrom. 
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SEWAGE FARMS 


The sewage farms investigated ; the nature in each instance of the 





. Situation of farm - : - - 
. Total acreage of farm : . : 
. Total irrigable area + - 


. Average area irrigated at one time - 


. Population draining tofarm  - . 


Population per acre irrigated - - 


. Gallons of sewage per head per day - 


. Dry weather flow of sewage per 24 


hours. 


. Gallons of sewage (exclusive of storm 


water) treated per acre per 24 
hours. 


Gallons of sewage treated per acre 
per 24 hours, on the assumption 
that each acre of the irrigable area 
is under sewage all the time. 


Characters of the sewage - . 


. Method of treatment - - ° 


General characters of the soil and 
sub-soil. 


Separate or combined sewerage 
system. 


. The final effluent is discharged into - 


. Number of years farm in operation 


before 1900. 




















f 


Aldershot Camp 


Sewage Farm. 


Ashvale. 


138°5 acres. 
120°5 acres. 
40 acres. 
20,000 
166 
50 gallons. 


1 million gallons. 


25,000 gallons. 


8,300 gallons. 


Domestic. 


Screening, settling 
tanks, and land 
filtration. 


Sand. 


Separate. 


Blackwater river. 


36 years. 





Altrincham Sewage 


Farm. 


Near Carrington Moss. 


75:5 acres. 
35 acres. 
175 acres. 
18,000 
514 
44°4 gallons. 


800,000 gallons, 


46,000 gallons, 


23,000 gallons. 


Domestic. 


Settling tank and 
land filtration. 


Peaty (to some extent) 
soil, lying upon sand 
and gravel. 


Combined, 


Sinderland Brook. 


30 years, 











Samples have also been obtained from Luton, Hemsworth, Derby County 


methods of treatment, 


Cambridge 


Sewage Farm. 


Milton Road, about 
three miles from Cam-, 
bridge. 

102°5 acres. 
74 acres. 
18°5 acres. 
50,000 
675 


45 


2} million gallons. 


121,600 gallons. 


30,400 gallons. 





Mainly domestic (some 
brewery refuse). 


tank, and land filtra- 


Screening, settling 
tion. 


{ Sandy loam overlying 
gravel and sand. 


Partially separate. 4" 


River Cam. 


5 years, 


ce = 


INVESTIGATED. 


soil on the farm, the character of the sewage, and method or 
with other particulars :— 


Beddington (Croydon) 


Sewage Farm. 





Beddington. 


673°5 acres. 
420 acres. 
70 acres. 
100,000 
238 
40 gallons. 


4 million gallons. 
57,100 gallons. 


9,500 gallons. 


Domestic. 
: 
| Screening Surface irri- 


gation and a_ little 
filtration. 


{ Gravelly loam, over- 
lying gravel and sand. 


. Partially separate. 


River Wandle. 


39 years. 





Leicester 


Sewage Farm. 


Two miles from 
Leicester. 


1699 acres. 
1350 acres. 
337 acres. 
197,000 
146 
36°8 


74 million gallons. 
21,500 gallons. 


5,370 gallons. 


# domestic, + trade 
refuse, 


Screening, settling 
tanks, surface irriga- 
tion and filtration 
combined. 


Stiff clayey soil over- 


lying dense clay. 


Partially separate. 


Anstey Brook (flow- 
ing into River Soar). 


9 years. 








\ 


South Norwood | Nottingham 


Sewage Farm. Sewage Farm. 








Near Stoke Bardolph, five 
South Norwood. miles from Notting- 
ham. 
191 acres. 907 acres (1900). 
152 acres. 651 acres (1900). 
60 acres. 300 acres. 
21,000 258,584 
138 397 
28°5 27 


600,000 gallons. 7 million gallons. 


12,000 gallons. 23,300 gallons. 


4,000 gallons. 10,750 gallons. 


Purely domestic. 4 domestic # trade 


refuse. 
Sereening, settling Carts 
: g, (partial), 
tanks and surface { and land filtration. 
irrigation. 


Light sandy loam, 
and gravel overlying 
gravel and sand. 


A clay soil resting 
on London clay. 





Partially separate. Combined. 
Chaffinch Beck. River Trent. 
36 years. 194 years. 





Asylum (Mickleover), Lindfield and Sandhurst sewage farms. 

















Rugby 


Sewage Farm. 
New Bilton, one mile 
from Rugby. 

40 acres. 

35 acres. 

7 acres. 

6,000 
171 
50 


300,000 gallons. 
42,800 gallons. 


8,500 gallons. 


Mainly domestic. 


Screening, chemical 
precipitation, settling 
tanks, and _ surface- 
irrigation and filtra- 
tion combined. 


evens loam over- 


lying stiff clay. 


Partially separate. 


River Avon. 


33 years. 
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METHODS OF BACTERIOLOGICAL INVESTIGATION. 


The methods of bacteriological investigation carried out in this inquiry 
have been those laid down by me as essential early in 1898, namely :-— 


Routine tests. 


1) Quantitative estimation of B. coli.* he 
2) Number of spores of B. enteritidis sporogenes (Klein’s 
“enteritidis change” in anaerobic milk cultures). 


Together with the periodical enumeration of the:—. 


(a) Total number of bacteria (gelatine at 20° C.). 
(b) ” ” ” (agar atiore C.). 


Occasional tests. 


(a) Streptococcus test ; (b) inoculation of animals; (c) enumeration. of 
spores of aerobic bacteria, etc. 


Simple tests. 


In addition to the above, much work, at the request of the Commission, 
has been carried out on the subject of simple tests, e.g. (a) indol; (b) “gas”; 
(c) neutral-red broth ; and (d) litmus milk tests. 


I have already reported to the Commission on the subject’ of tests, 
provisional standards and the relative values of chemical and bacteriological 
tests, in reference to effluents according as they are to discharge into: 
drinking water streams or into non-drinking water streams.t 


FUNDAMENTAL DISTINCTION BETWEEN THE DISCHARGE OF EFFLUENTS INTO | 
DRINKING WATER AND Non-DRrINKING WATER STREAMS. 


In carrying out this investigation, the fundamental distinction between 
the discharge of effluents into drinking water and non-drinking water streams, — 
respectively, had to be borne in mind. In this connection, | may quote from | 
: _my previous report as follows :—-t | ee 


“Tt seems quite clear that a chemical examination of effluents will be 
required in the case of both potable and non-potable rivers. In both cases. 
itis necessary to prevent the discharge into the river of an undue 
umount of oxidisable and putrescible matter. Even if an effluent — 
were sterilised, 2 chemical examination would still be required to show 
that it contained no organic substance susceptible to the action of 
putrefactive bacteria present in the water of the river. Cases have © 
occurred where an effluent rich in putrescible matter has been 
actually sterilised, but which nevertheless produced a filthy nuisance 
in the river some distance below the point of discharge. 3 . 

Fe | 


The time is past usefully to discuss whether it is better to have a sterile ~~ 
effluent rich in organic matter, ora non-sterile effluent free, or nearly 
so, from putrescible matter. All effluents, whether sterile or non- 
sterile, must be relatively free from all substances susceptible to the 
action of putrefactive bacteria. Further, at ail events in the case of 
drinking water streams, it is necessary for the chemist to say whether 
the effluent is free from chemical poisons in dangerous amount. ” 


DRINKING WATER STREAMS. 


While admitting the absolute necessity of a chemical examination of 
effluents in the case alike of drinking water and non-drinking water streams, 
it was pointed out that in the former case (drinking water streams) the 





--* Preferably by isolation and study in pure culture, not by inferring the presence of B. coli 
from the result of changes produced in a medium and supposed to be characteristic of B. coli. 
+ See Second Report of the Royal Commission on Sewage Disposal. [1092 Od. 1178.] 
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bacteriological examination was far more important than the chemical. 
Thus :— 


“Organic matter per se in water is seemingly harmless ; it is the bacteria 
likely to be associated with the organic matter that constitute the 
element of danger. Only by bacterioscopic analysis, can we hope to 
detect the kinds of bacteria in an effluent which are of a sort liable to 
be related to disease. Chemistry is quite powerless in this respect, 
and, indeed, all chemical “standards of potability ” are apparently 
based on an assumed relationship, which may or may not exist, 
between the amount of organic matter and the num er and kinds of 
the associated bacteria. Typhoid fever stools, whether sterilised and 
innocuous, or unsterilised and highly dangerous, would yield to 
chemical testing practically the same results as regards the nature 
and amount of organic matter present.” 


It was pointed out that, although on scientific grounds desirability of the 
complete removal or destruction of all bacteria (sporing and non-sporing) of 
intestinal outcome is strongly indicated, it was doubtful whether this counsel 
of perfection would be wholly defensible in practice. Further, as an 
alternative to the complete sterilisation (destruction of all microbes, sporing 
and non-sporing) of effluents, it was suggested that partial sterilisation to 
the extent of killing B. coli might be a reasonably safe standard to adopt. 
It is not proposed, in this report, to deal with the practical aspects of this 
recommendation, but only with the nature and amount of evidence in favour 
of its adoption. 


One point, however, may be touched on, namely, that it will doubtless be 
contended that sterilisation should be carried out at the waterworks, not at 
the effluent outfalls. Apart from questicns of equity, a single practical 
objection to such contention may be advanced. The volume of water used for 
waterworks purposes may be very large in proportion to the volume of effluent 
admitted into the drinking-water stream} and so in such a case there would be 
an economic advantage in sterilising the effluent instead of the \» er water. 
The question of sterilisation will be dealt with in a separate report. 


Tests ADVOCATED IN THE CASE OF THE DISCHARGE OF SEWAGE 
EFFLUENTS INTO DRINKING WATER STREAMS. 


It will be asked, how is it practicable to compare different effluents, as 
regards their degree of potential harmfulness? This aspect of the question has 
been fully dealt with in previous reports, and all that seems necessary here to 
be recapitulated is the broad basis of reasoning which has guided the 
bacteriological investigations throughout the inquiry. 


In the first place, it is indisputable that, at present, there are, beyond 
evidence of complete or partial sterilisation, no infallible biological data 
enabling the bacteriologist to say of an effluent that it is wholly, or relatively 
harmless ; ; and it is well known that failure to isolate definitely pathogenic 
microbes from a suspected liquid affords no absolute proof of the complete 
absence from the liquid of such microbes. 


Secondly, on the basis of observed facts and reviewing the history of 
epidemics traced to polluted water, it is assumed that crude sewage 1s always 
a potentially dangerous liquid. 


Thirdly, the relative abundance of the microbes (e.g. B. coli, B. enteritidis 
sporogenes, streptococci, etc.)* characteristic of sewage in the sense of being 
almost peculiar to or specially abundant in it, has been determined. These 


* Some streptococci and some strains of B. coli are pathogenic to animals and are also related 
to morbid processes occurring in the human subject. Further, in the opinion of Dr. Klein, the 
presumptive evidence in favour of B. enteritidis sporogenes having been causally connected with 
certain epidemics of diarrhea is of a strong kind. Nevertheless, I am not here basing the value of 
these tests on the assumption tnat these micro-organisms are directly injurious, but am advocating 
the safer view, namely, that their quantitative estimation is an indirect means of measuring the 
status of an efilnent in its possible relation to disease. 
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bacteria have been termed “microbes of indication,” because it is believed 
that their presence (and their proportionate number) in a liquid is an 
indication of the possibility (and broadly of the degree of probability) of the 


presence as well of other micro-organisms causally associated with the 
occurrence of epidemic disease. 3 


Fourthly, the determination of the relative abundance of these bacteria 
(“microbes of indication”) in an effluent has been considered a trustworthy 
indication of the degree of biological puritication effected by the particular 
process of sewage treatment under investigation ; and a means, therefore, of 
measuring the degree of biological modification that the sewage, in respect of 
its original objectionable qualities, has undergone as a result of the treatment 
In other words, the status of an effluent, in respect of possible danger to 
health, is judged by the greater or less abundance in it of these “microbes of 
indication.” * 


It will be said, ifa sterilisation standard is adopted, these tests would be 
unnecessary. This istrue. But the Commission has still to decide on this 
important question, and their decision thereon must inevitably be influenced 
by the degree of probable danger to health shewn as the results of these 
quantitative biologi-al investigations. 


Moreover, as an alternative to sterilisation, standards of “relative safety ” 
might be chosen. For example, standards one hundred times more severe 
than those suggested in connection with non-drinking water streams. 





The above contentions and inferences are based on a common-sense 
interpretation of the results yielded by recent bacteriological research, 
controlled or at least greatly influenced by the teachings in the past of dis- 
tinguished epidemiologists. In the present state of our knowledge, these 
inferences are believed to be sound ; but it is possible that future discovery 
may show that, in some directions, they are unduly moderate in character, and, 
in other directions, open possibly to the charge of over-estimation of the 
danger likely to arise from the discharge of sewage effluents into drinking 
water streams. 


NON-DRINKING WATER STREAMS. 


In considering as a means of spreading disease, the possibilities of the 
discharge of a bacterially-impure effluent into non-drinking water streams, 
it is desirable to quote from my previous report as followst :— 


‘‘ All streams which are not brackish or obviously offensive to taste or 
smell, or which do not present strongly to the eye the appearance of 
pollution, are liable to be used as sources of drinking water occasion- 
ally or even habitually by some individuals. . 


‘Bathing is commonly indulged in in non-drinking water streams. 
Whatever may be said of its comparative harmlessness, numerous 
cases of sickness and diarrhcea have been referred to this practice. 
And it would of course be quite possible for typhoid fever and cholera 
to be spread in this way. 


“Further, there is always the possibility of the water of non-drinking | 
streams being brought into relation with articles of food or drink. 
For example, the reprehensible practice of rinsing milk cans in water of 
this class may specially be cited. Again, watercress is frequently 
grown in sewage-polluted water. | 





* It must, of course, be remembered that the dangerous qualities of sewage effluent depend 
rather on the presence of living microbes than of chemical poisons, and that therefore the danger 
is not necessarily proportional to the dose. The presence of definite specific germs of disease may 
render a seemingly trivial degree of pollution highly dangerous ; the absence of pathogenic 
organisms may mean that a gross contamination is actually, or relatively, harmless. But it has 
already been pointed out that, in the case of non-sterile effluents, no biological test is available 
enabling the bacteriologist to prove the complete absence of all disease germs. It is necessary, 
therefore, to gauge the status of an effluent from the point of view of possible danger to health, 
by estimating the relative abundance, whenever present, of those microbes of excremental origin 
which are associated with the specific germs of disease. i 

+ See Second Report of Royal Commission on Sewage Disposal. [1902. Cd. 1178.] 
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“It has been asserted that there is danger in eating fish caught in sewage- 
polluted streams. But any danger that might be supposed to exist 
should be removed by cleansing and cooking the fish. Inthe case of 
oysters and other shell-fish (tidal waters), when eaten in the raw 
condition, the risk. however, may be very real. 


“There would also seem to be some danger of wells in the vicinity of 
polluted streams becoming contaminated. Soil is a very efficient 
filter under ordinary conditions, but sometimes fissures exist which 
may allow sewage matters to travel underground for a considerable 
distance in a practically unaltered condition. Moreover, soil may in 
course of time become so polluted as to be saturated with germs, and 
in such cases the microbes tend more and more to spread beyond 
their original limits. Lastly, floods may carry sewage-polluted water 
over the surface of adjoining land and so contaminate wells. 


“Some authorities consider that cattle suffer from drinking the water of 
sewage-polluted streams. But of this there is no definite proof.* 


‘Then there is the question of flood water depositing suspended matter 
and innumerable bacteria on the river banks. These matters in the 
dry condition may be carried by the wind for a considerable distance. 


“ The possibility of danger to health from the inhalation of noxious gases 
emanating from polluted streams is a separate question, and will 
not be considered here. 


“These factors, considered separately, may be of no great importance ; 
taken together they cannot, as it seems to me, be entirely ignored.” 


“ A broad view of the case would seem to be that the danger is not abun- 
dant or far-reaching ; that it tends to affect individuals rather than 
large communities. And although a single case of typhoid fever 
may, if circumstances favour it, create a widespread epidemic, too 
much stress should not be laid on concrete instances, but reliance 
placed rather on general considerations.” 


“ After careful consideration, I should be inclined to say that in the case 
of non-drinking-water streams, except where oysters and other shell-fish 
which are eaten raw are concerned, the bacteriological character of 
an effluent is of secondary importance.* 


‘But even from this secondary point of view, the bacteriological examina- 
tion may be of considerable utility for ascertaining the actual or 
potential putrescibility of an effluent.” 


The position of the bacteriologist, in relation to non-drinking water 
streams, would really seem to be this :-— 


‘‘Putrefaction cannot take place (whatever the number and sorts of 
bacteria present may be) in the absence of putrescible and oxidisable 
organic matter, and” the bacteriologist has “no direct means of 
estimating dead organic matter.” 

“Indirectly, however, the bacteriologist can in most cases obtain a 
reliable indication of the degree of putrescibility of a liquid by 
estimating the number and observing the character of the bacteria 
contained in it.” 


“In brief, the position of the bacteriologist as regards non-potable 
streams is very much that of the chemist in relation to drinking- 
water streams. In both cases, the truth is sought for by necessarily 
indirect methods, and by assuming a relationship, in the former case, 
between the number of putrefactive bacteria and the amount of 
organic matter, and in the latter case between the amount of organic 
matter and probable presence of microbes of pathogenic sort.” 








* See, however, my Report on the Presence of Anthrax at Yeovil, in (1) Septic Tank 
Liquor ; (2) Septic Tank Sludge ; (3) Primary Coarse Coke Bed ; (4) Secondary Fine Coke Bed ; 
(5) General Effluent from Final Catchpit in a Hide Factory ; (6) Mud of River Yeo ; and (7) Mud 
ef Yeo Brook. (Second Report of Royal Commission on Sewage Disposal. [1902. Cd. 1178] ). 
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TESTS ADVOCATED IN THE CASE OF THE DISCHARGE OF SEWAGE 
EFFLUENTS INTO NoN-DRINKING WATER STREAMS. | 


The nature of the tests advocated in the case of the discharge of sewage 
effluents into drinking water streams, and the interpretation to be placed 
on the results obtained by the use of each, will not, I think, be disputed. 
But the question arises, whether or not tests of like nature are applicable to 
the case of non-drinking water streams? ‘That the results of such tests 
may be interpreted in a widely different sense has been already shewn ; and it 
only remains to add that, in the present state of our knowledge, like tests may 
be usefully employed in each case. Nevertheless, there can be no question 
that future work may show that, in the case of non-drinking water streams, 
there are to be obtained, for determining the potential putrescibility of 
effluents, better tests than those now employed in estimating, in respect of 
danger to health, the status of effluents destined to discharge into drinking 
water streams. 

A knowledge of these in futuro tests might ereatly enhance the value of a 
hacteriological examination of sewage effluents. 


If such tests are discovered, it would be no difficult task to ascertain, by 
comparative observations, how far they harmonise with existing tests. 
Assuming that a parallelism of some kind would exist, the records of results 
now being obtained from the ordinary tests would not, in the future, necessarily 
cease to be of value. Such a comparison indeed might show that the tests now 
in use have a much higher value than is at present appreciated. For this and for 
the other reasons previously suggested, it would seem not inadvisable to retain 
a bacteriological standard, even in the case of non-drinking water streams. 
A contrary view might involve, in the future, a consequent discouragement of 
bacteriological research in directions not free from useful possibilities. 


The danger (if danger there be) of discharging into non-drinking water 

streams sewage effluents teeming with microbes of intestinal origin 
may not be capable of easy demonstration. But, in this connection, 
it is well to remember that progress in Preventive Medicine has 
not been achieved, as a rule, by waiting for overwhelmingly positive 
evidence’ of harmfulness, but in anticipating, on the basis of observed 
facts, possible danger to health, by observance of the conditions which 
make for health and by avoidance of those which make for disease. The 
chemist and bacteriologist have usually followed in the footsteps of the 
pioneers of sanitary science, and their combined investigations have 
commonly gone to establish (rarely to controvert) the wisdom of past 
sanitary teaching. Apart from the question of practicability and of 
convincing proof of harmfulness, it is not in accordance with the principles 
of sanitary science to place no control on the broadcast discharge, even into 
non-drinking water streams, of myriads of intestinal microbes. 
At present, however, all that can be said is that the tests now in use have 
in practice proved by no means unreliable, although they afford necessarily 
indirect indication only of the potential putrescibility of sewage etiluents ; 
the decline, in effluents as compared with sewage, in the number of bacteria 
of all sorts and the decline also in the number of particular microbes (¢.g., 
B. coli and, but possibly to a less extent, B. enteritidis sporogenes) may 
be thought of as usually taking place in broad correspondence with the 
destruction of the putrescible organic matter.* | 


STANDARDS. 


Tn the case of drinking water streams, the standard which I advocate is 
partial sterilisation, the destruction of B. coli to the extent of securing its 
absence in 1c.c. of the effluent being taken as satisfying such standard. 
Complete sterilisation of sewage effluents would not seem to be a practical 
measure, otherwise this higher standard would be recommended. 


As regards non-drinking water streams, the standards which I recommend 








% 7 . . . . . ° bs - 
These are matters which require time even for their practical solution. It is not to be 
expected that progress can be other than slow. 
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are provisional and for working purposes only. For the chief tests employe 
they are as follows :— 


Total number of Micatae at 20° C. Less than 100,000 per c.c. 


bacteria. Agar at 37°C. Less than 10,000 per e.c. 
B. coli, less than 1,000 per c.c. 


*B. enteritidis sporogenes test and ! 
Pe Ghavtest (24 hours at 20° C.) } Negative results with 0:1 c.c. 
Indol test (5 days at 37° C.) 
Neutral-red broth test (2 days at 37°C). Negative result with 
Bile-salt broth test (2 days at 37°C). 0-001 ce. 
Litmus milk (modified) test (2 days at 37°C). 


These are primary standards ; my secondary standards are arrived at by 
rendering the primary standards ten times more lenient. 


It may be asked: Is it not possible to reject artificial processes of sterilisa- 
tion and apply the above same tests, but with more stringent standards, to the 
case of drinking water streams? The answer for obvious reasons is in the 
negative, from the epidemiological point of view; but from the practical 
standpoint, it may be said that relative safety would probably be secured by 
making for effiuents destined to discharge into drinking water streams, the 
above standards one hundred times more stringent. t 


SUMMARY. 
In summary of the foregoing it may be pointed out:— 


1. That circumstances have greatly changed since land treatment was 


regarded as not only the natural, but also the best, method of purifying 
sewage. 


2. That the changed conditions have led, among other things, to not 
unsuccessful attempts to purify sewage by artificial processes. 


3. That it has become necessary, in reference to their purifying values, to 
compare (bacteriologically as well as chemically) very closely (a) natura 
(land), and (b) artificial (bacteria bed) processes of sewage treatment. 


4. That chemical standards are necessary, both in the case of drinking 
water and non-drinking water streams. 


5 (a). That in the case of drinking water streams a bacteriological is of more 
importance than a chemical standard. 


5 (b). That the biological tests recommended in this connection are 
those which deal with the estimation of the relative abundance of microbes 
of intestinal origin (microbes of indication), in sewage and sewage effluents. 


5 (c). That the status of an effluent, from the point of view of potential 
danger to health, may be judged by the numerical estimation of these 


“microbes of indication” (e.g. B. coli, B. enteritidis sporogenes, streptococci, 
etc. ) 


5 (d). That although the complete sterilisation of sewage effluents is 
recommended as a counsel of perfection, the standard suggested as a 


practicable one is partial sterilisation, (absence of B. coli from 1c. c. of the 
effluent). 


6 (a). That in the case of non-drinking water streams, « bacteriological 
‘standard is of secondary importance, but it may prove valuable as an adjunct 
to the chemical standard. 


6 (b). That at present tests of the same sort may be usefully employed in the 
examination of effluents, which are being discharged into non-drinking water 





* It will be seen from the results detailed in Appendix VII. that, in connection with the 
routine use of the B. enteritidis sporogenes test, the habitual inoculation of rodents is neither 
necessary nor wholly justifiable. 

+ This tentative statement may be safeguarded further by assuming (1) a ten-fold dilution of 
the effluent with river water ; (2) a flow between the effluent outfall and the intake for water- 
‘works purposes of at least. one mile; and (3) subsequent filtration of the river water. 
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streams, as are recommended in the case of drinking-water streams ; it should’ 
be understood however that the tests are to be regarded as an indirect way 


of measuring the probable degree of purification ot the sewage that has been 
effected. Meanwhile it is to be borne in mind that future work may show 
that the potential putrescibility of effluents may be best judged by other, 
though at present unknown, biological tests. 


6 (c). That the discovery 7 future, of biological tests accurately defining, 


in relation to the degree of purification effected by one and another kind of: 


treatment, the status of an effluent would alter the whole complexion of the 
subject, and might make the bacteriological verdict in the case of an effluent 
which is to be turned into a non-drinking water stream almost as authorita- 
tive as would now be possible, if the safety or otherwise ofa drinking water 
stream were in question. 


6 (d). That it seems advisable to place some limit on the discharge of 


myriads of microbes of intestinal origin into non-drinking water streams, 
always provided that control in this sense is practicable and that bacterio- 
logical can be brought into harmony with chemical standards. 


6 (e). That the provisional standards* suggested for comparative and. 
working purposes, to apply to non-drinking water streams, are as follows :— 


Total number Gelatine at 20° C. Less than 100,000 per c.c. 
of bacteria. } Agar at 37°C. Less than 10,000 per c.c. 
B. coli, less than 1,000 per c.c. 
B. enteritidis sporogenes test 
“Gas” test (24 hours at 20°C.).t 
Indol test (5 days at 37°C.). 
Neutral-red broth test (2 days at 37° C.). Negative results 
Bile-salt broth test (2 days at 37° C.). { with 0°001 c.c. 
Litmus milk (modified) test (2 days at 37° C.).t 
I have to acknowledge much valuable assistance rendered me by Dr. 
Gordon during the whole of the investigations, especially as regards the 
numerical estimation and study of the coli-like microbes present in the 
various samples of sewage and effluents (see Appendix L.). These records, 
in my opinion, are of great importance. More recently, Miss Hartley has 


} Negative results with 0:1 ¢.c. 


carried out much useful work in connection with routine tests. Miss Power 


has greatly assisted me while this report has been passing through the press, 








* There are primary standards; my secondary standards are arrived at by rendering the 
primary standards ten times more lenient. Ji must be definitely understood that these standards are 


not suggested in an administrative sense ; they are merely arbitrary and designed solely for comparatwe 


purposes. 
+ Observations are now made after 24, 48, and 72 hours’ incubation at 20° C.; the standard 
being varied according to the duration of incubation. 


t The composition of this medium, as at present in use, is as follows :—Milk 20 per cent ;. 


sodium carbonate 0-1 per cent. ; lactose 1 per cent. ; peptone 2 per cent. ; water 76-9 per cent. ;. 
tinted with litmus solution. 


SECTION I. 


ALDERSHOT CAMP SEWAGE FARM. 


1. Situation of farm.—Ashvale, close to camps. 

2. Total acreage of farm.—138°5 acres. 

3. Total irrigable area.—120°5 acres. 

4. Average area irrigated at one time.—About 40 acres. 

5. Population draining to farm.—20,000. 

6. Population per acre irrigated.—166. 

7. Gallons of sewage per head per day.—50. 

8. Dry-weather flow of sewage per 24 hours.—1,000,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre per 
24 hours.—25,000 = (22). 


10. Gallons of sewage treated per acre per 24 hours, on the assumption 
that each acre of the irrigable area is under sewage all the time. (This for 
purposes of comparison) = (*2%") = 8,300 gallons. 


120°5 
11. Characters of the sewage.—Purely domestic. 

12. Method of treatment.—Screening, settling tanks and land filtration 
13. General characters of the soil and subsoil.—Sand. 

14. Separate or combined sewerage system.—Separate. 


15. The final effluent is discharged into.— River Blackwater. 


16. Number of years farm in operation before 1900.—36 years 
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A full description of Aldershot Camp Farm will be found in Mr. Kershaw’s 
report (Part IV., Engineering and Practical Report). It seems, therefore, 
almost unnecessary to discuss the matter here. But a few points of import- 
ance may be noted in the briefest manner possible, namely, as follows :— 


The soil of the farm consists of sand which, by constant sewaging and the occasional ploughing 
in of sludge incorporated with farmyard manure, has acquired a surface layer of humus some 4 in. 
to 12 in. indepth. Upto a certain point, the sandy character of the soil might be expected to lead 
joa mechanical separation of the sewage microbes. But when sewage is more or less continuously 
applied to it, the land tends to become saturated, as it were, with microbes, and then each fresh 
application of sewage washes out a greater or less number of the mechanically-separated bacteria. 
It should be specially noted that practically all the irrigable land has been extensively “ dressed 
with chalk. The sewage is purely domestic ; there are no privies, but only water-closets used 
throughout the camp. The separate system isin use at Aldershot camp, and the separation of the: 
roof and surface water from the sewage proper is actual not merely nominal. The method of 
treatment consists of screening, settling, and land filtration. The effluents are treated once only. 
The amount of subsoil water gaining access to the sewers is not great, and on the farm itself but 
little subsoil water reaches the under drains. The consumption of water is so great as to bring the 
volume of sewage up to the high average of 50 gallons per head. The sludge, mixed with 
farmyard manure, is ploughed into the land. The farm has been carefully under-drained. 
Mr. Kershaw, in his report, deals very fully with the way the land is worked, and any reference 
here to this part of the subject would be incomplete and, possibly, misleading, and so may with 
advantage be omitted. 


The effluents finally pass into the river Blackwater. The staple crop is rye-grass, together with 
cabbages and mangold-wurzel. The gross area of the farm is about 138 acres, the irrigable area 
about 120 acres, dealing with 1,000,000 gallons per 24 hours. Each acre of irrigable area deals: 
daily with the sewage of 166 persons, amounting in bulk to 8,300 gallons, but as only about one- 
third of the irrigable area is sewaged at one time, this means the sewage (24,900 gallons) of 498 
persons is treated per acre per 24 hours. 


The following is a summary of the several sections of the report in so far 
as it relates to Aldershot Sewage Farm :— 


1. Tabular statement and summary of the chief bacteriological results. 

2. Diagram 1 illustrating the results shown in Table 1, with comments. 
thereon. 

3. Results considered in connection with Mr. Kershaw’s notes. 


4. Results in relation to tests other than the B. enteritidis sporogenes. 
test. 


5. Grouping of the effluents based on Mr. Kershaw’s notes. 


6. Results of the bacteriological examination of additional samples of 
river water, subsoil water, and “ street washings,” with accompanying table. 


7. General conclusions. 


Addendum A.-—Kesults of the examination by means of simple tests of 


sainples obtained from Aldershot Camp Sewage Farm. (Special comparative: 
series of experiments. ) 


Addendum B.---Comparative records as regards (a) the “gas,” and (b): 
B. enteritidis sporogenes tests of samples obtained from Aldershot as’ well 
as other sewage farms. 


Addendum C.—General comparison as regards (a) the “gas,” (b) B. enteri- 
tidis sporogenes, (c) neutral-red broth, and (d) litmus milk tests of samples: 
obtained from Aldershot as well as other sewage farms. 

Addendum D.—Additional bacteriological notes. 


Addendum E.—Mr. Kershaw’s abridged notes to accompany bacteriologi- 
cal report. 


1. Tabular Statement and Summary of the chief bacteriological results. 


The following table (Table 1) shows as regards the total number of 
bacteria; B. coli and spores of B. enteritidis sporogenes, the results of the: 
bacteriological examination of thirteen samples of sewage and forty-seven 
samples of efftuent :-— | ‘ S 





= 


Taste 1.—Showing as regards the total number of bacteria, B. coli, and spores of 











Description of the Sample. 





B. enteritidis sporogenes, the results, of the bacteriological examination of samples. 
of sewage and effluents obtained from Aldershot Sewage Farm. 





















































Raw sewage - 
11 a.m. {2th March 1900. 


Settled sewage - 
11 a.m. 14th Mareh 1909. 


Settled sewage - 2 
1 p.m. 21st March 1900. 


Settled sewage - 
11.45 a.m. 28th May 1900. 


Settled sewage - 
12.45 p.m. 3th June “1900. 


Settled sewage - - 
2p.m. Ist ‘April 1901. 


Settled sewage - 
11.5 a.m. 19th Janes 1901. 


Settled sewage - 
11.30 a.m. 19th Jane 1901. 


Settled sewage - 
11.40 a.m. 24th Pine 1901. 


314G Crude sewage - = 
11.5 a.m. 8th July 1901. 


3198 Crude sewage - 
10.35 a.m. 16th July 1001. 


323A Crude sewage - 
11.30 a.m. 22nd aly, 1901. 


325A Crude sewage - 
a 9.45 a.m. 24th July 1901. 


Average - - - 


Effluent, old land - 
3.15 p.m. 12th March 1900. 


Effluent, old land* — - 
3.15 p.m. 14th March 1900. 


52 Effluent, oldland — - 
General eftiuent, old land - 


Effiuent, old land - 
4 p.m. 21st March 1900. 


General efiluent, old land - 


_ Effluent, new land A - - 
3 p.m. 28th May 1900. 


Effluent, new land A - = 
3.15 p.m. 29th May 1900. 


Effluent, new land A - 2 
3.15 p.m. 30th May 1900. 


Effluent, new land A - é 
3 p.m. 5th June 1900. 


88 Effluent, new land A - : 
3.15 p.m. 6th June 1900. 


39 General effluent old land - 
2.30 p.m. 6th June 1900. 


16 General effluent, old land - 
2.15 p.m. Ist April 1901. 


| Effluent, old land - - 
3 p.m. Ist April 1901. 


62285 (iii.). 





11.15 a.m. 19th March 1902, 


11,30 a.m. 19th March 1900. 


12,15 a.m. 27th March 1900. 





























Sewages. 
Total Number of bacteria 
per c.¢. ret eae ; Number of ae, 
ca ls Sie Spores of B. enteritidis 
B. coli (or closely sporogenes (Klein’s “ enteritidis 
telatine : Ree ton hange”’ 1 ilk cultur 
ae ou oo at allied forms) per c.c. erate bees ee 
2: 3 4, B: 
57,700,000 6,340,000 At least 100,000 +°001,— 0601 c.c. At least 1,600» 
but less than 10,000. 
23,400,000 690,000 =) GLGHO C/= = = pe othitte ditto. 
27,600,000 900,000 ditto AAMT |<.) aigtoiemeil ditto. 
42,700,000 9,560,000 | ditto  - +°01,-001 ¢e.c. At least 100 but 
| less than 1,000. 
26,300,000 2,240,000 - ditto ditto - ditto. 
43,300,000 15,760,000. | See simple tests +001, - 0001 e.c. At least 1,000 
but less than 10,000. 
Ge 600 2,580,000- | At least 100,000 ditto ditto. 
| 
36,400,000 1,240,000 - ditto - - | +0001, - 00001 c.c. At least 10,000 
but less than 100,000. 
21,680,000 3,480,000 | ditto - - | +°001,--000l c.c. At least 1,000 
but less than 10,000. 
34,800,000 7,400,000 | See simple tests “ny .dibto ditto. 
See simple tests 2,490,000 ditto - ditto ditto. 
- ditto 5,320,000 - ditto . | +°0001, — ‘00001 e.c. At least 
10,000 but less than 100,000. 
- ditto See simple tests) - ditto +'001,--0001 e.c. At least 1,000: 
r mi but less than 10,000. 
33,618,000 4,833,333 [Ratio cols.2: 3 69:1] 
Effluents. 
| Winter Visit, 1900: 
20,000 196 16 not 100 +'l,-—‘Ol ee. At least 10 but less. 
than 100. 
9,100 280 | Atleast 10 - - ditto < ditto. 
8,600 44() At least 1, not 10 - | +1,-°1 e.c. At least 1 but less. 
| than 10. 
110,000 7,300. 1,000 not 10,000 - | +:'1,---Ole.c. Atleast JQ but less. 
than 100. 3 
37,700 430° 10 not 100-—- 2 ditto - ditto 
410,800 16,000 1,000 not 10,000 - | - ditto ditto. 
520,000 15,700 At least 1,000 +°01,--001 ¢c.c. At least 100 but 
less than 1000. 
Spring Visit, 1900: 
650,600 47,000 : ditto - +°1,--Ole¢e. At least 10 but less. 
than 100. 
250,000 53,900 1000 not 10,000 - | +°00!,—000! cc. At least 1,000: 
not 10,000. 
1,750,800 98,000 10,000 not 160,000 - | +°01,--00L ¢.c. At least 100 but. 
less than 1,000. 
820,000 179,000 ditto » \- - | +°1,--Olc¢.c. At least 10 but less. 
than 100. , 
186,000 860 At least 100 - = |= ditto - ditto. 
Spring Visit, 1901 : 
86,000 2,000 See simple tests in | +°‘1,— ‘Ol c.c. "At least 10 but less. 
Appendices — at than 100. 
end of report. 
7,000 530 : ditto - -| +l1,-‘leec. At least 1 but less 
than 10. 





C 








* This sample was examined for the presence of streptococci, but no streptococci could be tound in agar plate cultures 
387° C.) inoculated with ‘1 and ‘Ol c.c. of the sample. 
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Effluents—continued. 





























ee 


Total Number of bacteria 


Number of 


per Number of Spores of iy enteritidis 
Hae F B. coli (or closel sporogenes (Klein’s “ enteritidis 
Description of the Sample. i“ ( yy I change “ig-cillae iia 
Gelatine at Agar at allied forms) per c¢.c. re 
20° C. ye PT uae 
1 De 3. 4. 5. 
i i il) 
Summer Visit 1901: 
304 Effluent, old land 5 - 66,000 3,300 At least 100 - +'1,-‘Ole.c. At least 10 but less 
12.30 p.m, 19th June 1901. 4 than 100. 
305 Effluent, old land - 1,220,000 124,000 At least 10,000 - | +°01,-00le.c. At least 100 but 
12.45 p.m. 19th June 1901. less than 1,000. 
307. Effluent, new land B - : 11,100 140 Less than 100 - | —‘le.e. None in = ¢.c. 
12.45 p.m. 24th June 1901. ; . 
312 Effluent, new land B = 10,400,000 1,320,000 See simple tests in | +°'001,-°0001 c.c At least 1,000 
1 p.m. 2nd July 1901. Appendices = at but less than 10,000. 
end of report. ; 
313 Effluent, new land B 760,300 58,000 - ditto - - | -‘leec None in i cc. 
ll a.m. 3rd July 1901. 
314A Effluent, new land B - |Seesimpletests |Seesimpletests |  - ditto - —‘lee. None in 7 cc. 
11.10 a.m. 4th July 1901. | in Appen-| in Appen- 
dices at end| dices at end 
of report. of report. : é 
314B Effluent, old land SS aitnge « litto - ditto - -| +'lee-—Olee. At least 10 but 
11.30 a.m. 4th July 1901. less than 100. 
314C Effluent, old land - - ditto = 4)" = “ditto, 2 a-s- ditto - - | +°01,-:001 cc. At least 100 but; 
11.45 a.m. 4 July 1901.: less than 1,000. 
311D Effluent, new land B - | - ditto - ditto - ditto - —‘lec. None in 4 cc. 
10.30 a.m. 5th July 1901. ' 
314E Effluent, old land . - ditto - ditto ditto ec ditto - ditto. 
ll a.m. 5th July 1901. 
314F Effluent, old land - - - ditto Sj Comm oO - nitto - +'01,- 001 ec. At least 100 but 
11.25 a.m. 5th July 1902. less than 1,000. 
314H Effluent, new land - - 156,000 1,970 ditto - - | —‘lec. None in 75 ec. 
1 p.m. 8th July 1901. , 
317 Effluent, new land - - 360,000 3,000 - ditto - Sulla ditto - ditto. 
ll a.m. 9th July 1901. 
317A General effluent, old land - 38,800 460 ditto - - | +°01,--001 cc. At least 100 but — 
11.45 a.m. 9th July 1901. ~ less than 1,000. ia 
318 Effluent, new land B - - |Seesimple tests |Seesimple tests ditto - -| -‘leec. None in x cc. 
10.49 a.m. 10th July 1901. 
318A General effluent, old land - ditto - ditto - ditto - - | +°01,-:001 ec. At least 100 but 
10.30 a.m. 10th July 1901. less thar. 1,000. 
318C General effluent, oid land ditto - ditto ditto - - | —‘le.e. None in 4 e.c. 
11.30 a.m. 11th July 1901. 
318D Effluent, new land B =i) eon odittous i ditto = a5 aes ditto - - ditto ditto. 
11.45 .m. 11th July 1901. 3 
318E General effluent, old land CURR RO oc ditto - ditto « - | +°01,--00l ec, At least 100 but 
10.55 a.m. 12th July 1901. less than 1,000. 
318F Effluent, new land B - . ditto ihn) ditto - -| -‘leec. None in 7 ¢.¢. 
11.25 a.m. 12th July 1901. : 
319 Effluent, old land ¢ - ditto 369,000 2 ditto - - | +:01,-001l ec. At least 100 but 
10.15 a.m. 15th July 1901. less than 1 000. 
319A General effluent, old land - | - ditto 25,000 - ditto - -| +°'1,-‘0l ce. Atleast 10 but less — 
10.30 a.m. 15th July 1901. than 100. 
319C Effluent, old land - Si) Ss Pobhixae 93 140 - ditto = = - ditto - ditto. 
11.30 a.m. 16th July 1901. ; 
320A General effluent, old land - ditto - |Seesimpletests| - ditto - - | +'01,-°001 c.c. At least 100 but 
11.45 a.m. 17th July 1901. less than 1,000. a 
321 Effluent, new land A - - ditto -| = ditto ~ | %- ditto - -| +'1,--Olecec. Atleast 10 but less, 
12.30 p.m. 17th July 1901. than 100. 
322A General effluent, old land -| - ditto -| - ditto «| - ditto - - ditto - ditto. 
11.15 a.m. 18th July 1901. ' 
322 Effluent, new land A - cial recto SP uiinmy OS |e ditto - - | +°01,-°001 c.c.. At least 100: but 
11.35 a.m. 18th July 1901. less than 1,000. 
322B General effluent, old land ditto sera adatto wanesnl ane Cito meee aie ditto 5 ditto. 
12 noon 19th July 1901. 
322C Effluent, oldland  - -|} - ditto ditto -| - ditto - -| +1,=0lec Atleast 10 butte 
12.15 p.m. 19th July 1901. than 100. ri 
323 Effluent, new land A - - ditto 168,000 - ditto - -| +:01,-‘001 cc. At least 100gam 
11 a.m. 22nd July 1901. less than 1,000. 
323B General effluent, old land - ditto 47,000 - ditto - <4! +:1,-‘Olec. At least 10 but less 
4,30 p.m. 22nd July 1901. than 100. 
324 Effluent, new land A -  - 3,520,000 1,760,000 ditto - -| +01,-°001 ce.— At least 100 bume 
11.15 a.m 23rd July 190). less than 1,000. 
324A General effluent, old land - |Seesimpletests|Seesampletests|  - ditto - -| +'l-‘Olee. At least 10 but less — 
1l am. 28rd July 1901. than 100. 
Averages 930,273 153,630 [Ratio cols. 2 to 3=6 :1] 
(Inclusive of all the effluents) [97% reduction]|[96% reduction] 
Averages - - - 183,266 37,308 [Ratio cols. 2 to 3=4°9: 1] 
(Exclusive of the new land [99% reducti Y rec i 
effluents A and B). ‘ cHongetaredueuon) , 





[Two samples, 311 and 314, not included in the above table, were also examined. They represented samples of “street 
Washings,” collected during a period of heavy rainfall (2nd and 3rd July 1901). 


inoculated, the one with 1 ¢.c. of 311 and the other 


injection], 


with 2c.c. of 314. 


Two guinea-pigs were subcutaneously 


They both recovered from the effects of the 
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The following is a brief summary of the results shown in Table 1 :— 


Crude and Settled Sewage :— 


The samples of sewage presented no biological features of spovial note, beyond the fact that the 
- sewage was a strong one. The total number of bacteria was over 10,000,000 (gelatine at 20° C.), 
and usually between 1 and 10 million (agar at 37°C.) pere.c. B. coli numbered at least 100,000 
perc.c. B. enteritidis sporogenes in nine of the samples was found tbe 1,000, but 'ess than 10,000 ; 
in two samples at least 100, but less than 1,000, and in two samples ut least 10,000 (an exceptionally 
high figure), but less than 100,000 per c.c. As judged by this ‘est the sewage was certainly 
strong. 

Effluents :— 

The effluents varied much in their biological qualities, as the following brief summary shows :— 

Total number of bacteria (gelatine at 20° Q.) per c.c.:—In one sample the number was over 
10,000,000. In three samples between 1 million and 10 million. In ten samples between 
100,000 and 1,000,000. In six samples between 10,000 and 100,000. In three samples 
between 1,000 and 10,000. [Provisional standard, less than 100,000 per c.c. | 


Total number of bacteria (agar at 37° C.) per c.c.:—In two samples between 1 million and 10 
million. In four samples between 100,000 and 1,000,000. In eight samples between 10,000 and 
100,000. In five samples between 1,000 and 10,000. In nine samples between 100 and 1,000. 
[Provisional standard, less than 10,000 per c.c. | 


B. coli (and closely allied forms) per ¢.c.:—In three samples 10,000. In five samples 1,000- 
In two samples 100. In three samples 10. In onesample 1. In one sample less than 100. [Pro- 
visional standard, less than 1,000 per c.c. | 


Spores of B. enteritidis sporogenes per c.c.:—In two samples 1,000 not 10,000; in fourteen 
samples 100 not 1,000; in eighteen samples 10 not 100; in two samples 1 not 10; in eleven 
samples none in 3/5 ¢.c. [Provisional standard, less than 10 per c.c.] 


2, Diagram 1, illustrating the results shown in Table 1, with Comments thereon. 


The results are shown in graphic form in Diagram 1. 


By referring to Diagram 1, it will be seen that certain horizontal lines are 
drawn indicating provisional standards (non-drinking water streams). 


All samples, which according to these standards, did not fulfil the 
following requirements would be tentatively condemned :— 


(1.) Total number of bacteria (gelatine at 20° C.) less than 
100,000. 


(2.) Total number of bacteria (agar at 37° C.) less than 
10,000. perce. 


(3.) B. coli less than 1,000 — - - : : : : 
(4.) B. enteritidis sporogenes less than 10 - . - 


AS regards (1) 9 out of 23 effluents “passed” the above standard. 
(8 out of 12, exclusive of the new land effluents A. and B.). 


As regards (2) 14 out of 28 effluents “‘ passed” the above standard. 
(11 out of 16, exclusive of the new land effluents A. and B.). 


As regards (3) 7 out of 15 effluents “ passed” the above standard. 
(6 out of 9, exclusive of the new land effluents A. and B.). 


As regards (4) 13 out of 47 effluents ‘passed ” the above standard. 
(4 out of 28, exclusive of the new land effluents A. and B.). 


Assuming these standards to be reasonable, it is obvious that a majority 
of the effluents were unsatisfactory, if all the effluents be considered 
together, but a minority if the new land effluents A. and B. be excluded. 
Nevertheless, the B. enteritidis sporogenes test yielded worse results with 
the old land than with the new. The variable biological characters of the 
various effluents was noteworthy.* Some were nearly as impure as raw 
sewage, others showed a high degree of purification. ‘The average results, 
if not altogether satisfactory, showed, at all events, that land treatment can 


* Effluents from land usually yield more variable results than effluents from bacteria-bed pro- 
cesses of sewage treatment. 
6225 (iii). C2 
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ereatly reduce the number of bacteria in sewage. The results seem to 
indicate that a broad parallelism (the tests, of course, “run fi at different 
levels) exists between the number of bacteria, B. coli and spores of 
8. enteritidis sporogenes. But it is also certain that to place too much 
reliance on this seeming agreement would sometimes lead to error. The 
records do not seem to show that any selective process was in operation 
asa result of the land treatment. But it would be unwise to contend from 
this that no selective process was really in operation. | 


The strength of the sewage, the fine sandy character of the soil, and the 
fact that the effluents had percolated through the soil combined to encourage 
the formation in the soil and retention in the effluents of carbonic acid.— This 
is well shown in the results of Dr. McGowan’s analyses* ; and the question 
arises how far the presence of carbonic acid in the soil and in the effluents 


would be likely to inhibit the growth or destroy the vitality of the sewage 


mnicrobes. No definite opinion can be expressed on this pomt beyond saying 
that, judging from the results of the bacteriological examination of the 
effluents, the restraining influence of the carbonic acid could not have been 
very great. 


Taking the B. enteritidis sporogenes results, since they~ are most 
pumerous, as an index of purification, it may be said that in the majority 
of cases the land failed to effect a reasonable degree of purification. Thus, 
34 out of 47 samples were condemned by the B. enteritidis sporogenes test. 
Nevertheless, it must be remembered that the sewage was rich in the spores 
of this pathogenic aneerobe. Moreover, although only 13 out of 47 samples 
were satisfactory, no less than 18 additional samples came within measurable 
distance of passing the standard provisionally laid down as practicable. 


it is probable that land of the kind characteristic of Aldershot Camp sewage 
farm might be relied on uniformly to produce an effluent passing the standards 
already suggested if itis not overworked, —if, in short, the area of land ayail- 
able isin proper proportion to the amount of sewage being treated. It may, 
however, be contended that to increase the area of land under sewage 
treatment so as to bring the average results up to the standard suggested 
is an impracticable measure, and is merely another way of asserting that the 
quality of the land at Aldershet is not satisfactory. Against this view, it 


inay be pointed out that no less than 81 out of 47 samples under the: 


existing conditions either “passed” or came within measurable distance of 
‘passing’ the standard suggested as regards the B. enteritidis sporogenes 
test, namely, a negative result with +s cc. Moreover, it will be shown 
presently that the effluents. as judged by other tests were far more 
satisfactory. 


3. Lesults considered in connection with Mr. Kershaw’s Notes.t 


In most cases, when the effluent was unsatisfactory, Mr. Kershaw’s notes 
throw much light on the probable cause. If it be considered that 
160 to 1,000 spores of B. enteritidis per c.c. indicates a specially bad effluent, 
then it is to be noted that the following samples come under this category, 
namely, 82, 84, 87, 305, 312, 314C, 314F, 317A, 318A, 3188, 319, 320A, 


322, 322B, 323; 324. 


82, 84, and 87 were from the new land A. (3-acre plot), and it is obvious 
from Mr. Kershaw’s notes that the conditions during the period were most 


unsatisfactory. 


305 was from the old land, and Mr. Kershaw notes that it smelt, and that 
the sewage fungus was present. 


#412 was clearly mixed with untreated sewage. 
\ 


}14C and 314F were from the old land, and from his notes Mr. Kershaw 
evidently regarded them as unsatisfactory. =< 


of7A, 318A, 318E were general effluents from the old land. As regards 


* Part Il, Chemical Report, by Dr. G. McGowan. 
+ Addendum E, page 32. 
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the first two, Mr. Kershaw noticed that although they were relatively free 
from suspended matter, they had a sea-weed smell. 318E contained more 
suspended matter, due seemingly to increased flow and scouring action. 

319 was from old land and contained a good deal of suspended matter. 

320A was a general effluent from old and new land, and this sample was 
fairly clear on inspection. 

322 was from new land A, and Mr. Kershaw notes that the effluent was of 
a deep yellow colour, and contained much suspended matter. 

322B was a general effluent from old land, and the amount of suspended 
matter was noticeable. 

323 and 324 were from “new” land A, and obviously the land was not 
working under satisfactory conditions. 

As regards the “good” effluents (those yielding a negative result with 
1-10th ¢.c.), it is noteworthy that the great majority were from the “new” 


-Jand B. Their numbers were 307, 313, 314A, 314D, 314H, SAF OB1SY 318), 


and 318F. In most cases the land had been treated with sewage for some 
time, and it is quite possible, as Mr. Kershaw tentatively suggests, that ap 
to a certain point land may daily increase in purifying power. Possibly also 
the land being “new” had not become saturated, as it were, with sewage 
microbes, and a mechanical, and to some extent a temporary, separation of 
the bacteria was taking place. Mr. Kershaw notes that a number of these 
samples were of a yellow colour and had a sea-weed smell. As regards 
the other samples yielding a negative result (-O1 cc. B. enteriticis 
sporogenes), one (52) was from an unchalked plot of land, and represented 
what Mr. Kershaw considered a fair sample of the yield of effluent from the 
farm during a period of wet weather. Two others (247 and 314E) were 
from the old land, and one (318C) was an example of a general effluent. 


4. Results in relation to tests other than the B. enteritidis sporogenes test. 


Up to the present, the records as regards B. enteritidis sporogenes have 


chiefly been considered, and it is necessary to make a few brief remarks in 


relation to the other tests. 

As regards the total number of bacteria (gelatine at 20° C. and sgar at 
37° C.), the averages in the sewage and effluents are noteworthy. These may 
be stated as follows :— 














telatine at 20° C. Agar at 37° C. Rati 
“ Microbes per ¢.c. Microbes per c.c. ia 
Sewages - - - - | 33,618,000 - a 4,883,633 - - Ce a | 
_Effluents (all inclusive) - - 930,273} be es | 153,630 Soa” J 5 Oa 
Effiuents (exclusive of the new | 183,266{ parker i 37,308 eee ae Keo b 
land effluents A and B.) jo a feat 


| | 





These figures undoubtedly represent a high percentage degree of purifica- 


tion, but when the actual number of microbes remaining in the effluent is so 
large, percentage purification in. an unreliable index of harmlessness. The 
\sewage, it is true, is a very strong one, but it would be inadvisable to urge, 


for this reason, the adoption of a more lenient standard. Sewage purification 


processes ought to be judged by actual results, not by percentages. It is 


worth noting that the ratio of the bacteria growing in agar at 37° C., as 
compared with those growing in gelatine at 20° C., was not, on the average, 
diminished in the effluent as contrasted with the raw sewage. Indeed, the 
ratio in the sewage was roughly, 1 : 7, and in the effluents 1 : 6, inclusive of 
all the effluents, and 1 : 4:9, exclusive of the new land effluents. This would 
seem to be an unsatisfactory feature of the biological results; but averages 
-are often misleading, and, on the whole, the results seem to indicate that, in 
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the case of bad eftluents, the two sets of figures tended to converge, and in 
the case of good effluents to diverge. That is, that in the ee event the- 
ratio was a small one, and in the latter more or less pronounced. 


Reverting once more to averages, the figures 930,273 (gelatine at 20° C.) 
and 153,630 (agar at 37°C.) microbes per c.c., do not seem to indicate that 
iand of the nature available at Aldershot could not possibly be worked so as. 
uniformly to yield an effluent passing the standards suggested, namely, less 


than 100,000 and 10,000 bacteria per c.c. at 20° C. and 37° C. respectively. . 


It is significant that, as regards the gelatine at 20°C. figures, three samples. 
contained less than 10,000, and six other samples less than 100,000, out of a. 
total of 23 effluents. As regards the records of growth in agar at 37° C. no 
fewer than nine samples contained less than 1,000, and five other samples less. 
than 10,000 bacteria per ¢.c. out of a total of 28 effluents. Moreover, if we 
exclude the new land eftluents A and B, the figures are still more satisfactory, 
viz., 183,266 (gelatine at 20° C.) and 37,308 (agar at 37° C.) microbes per ¢.c. 

The B. coli records are of interest, since no fewer than seven out of 15: 
samples (six out of nine, exclusive of the new land effluents A and B) con- 
tained less than 1,000 B, coli in 1 ¢.c. As the crude sewage contained at least. 
100,000 per c.c., these results show that a great reduction had taken place. 


As regards the indol test (indol in broth cultures, five days at 37° C.), the 
results show a broad parallelism with the B. coli records. Here the standard 
suggested is a negative result with ‘001 c.c. (less than 1,000 indol-producing 
bacteria per c.c.) of the sample, 

Samples of sewage, namely, 48, 50, 54, 81, 86, 302, 303, 306, all gave a 
positive result with 00001 c.c. | 

Kffluents, 49, 51, and 55, a positive result with ‘1 c.c. 


3 D2, 49, 304 a be ara a Cae 

y 58, 82, 83 é ag td ee 
mn 56, 84, 87, 85, 305 _,, F. pn OOO Tae 
os 307, negative result with ‘01 c.c. 


Seven out of 15 samples of effluent passed the standard of a negative 
result with ‘001 c.c. 
In connection with this test, I may point out that on more than one occa- 


sion I have obtained a negative result when using for cultural purposes the 
bacterial contents of 100 ¢c.c. of a pure water. Comparison of this with the above: 


records as regards crude sewage, namely, a positive result with -00001 c.c.. 


shows a strong contrast. 


In the table and diagram illustrating Appendix III. (page 196), the results. 
as regards the “gas” and B. enteritidis sporogenes tests are compared. The 
results are interesting, inasmuch as the effluents were much more satisfactory 
when judged by the former as compared with the latter test. Thus, as regards. 
the “gas” test, no less than 35 out of 46 samples “ passed,” whereas only 13 out 
ofa similar number were satisfactory as regards the B. enteritidis sporogenes. 
test. From Mr. Kershaw’s notes, it appears not improbable that the presence: 
of an undue amount of suspended matter in many of the effluents was. 
responsible for the relatively high figures, as regards B enteritidis sporogenes. 
It 1s not improbable that effluents containing much suspended matter are 


apt to yield, as regards B. enteritidis sporogenes, higher results than as 


regards the “gas” and other tests. But too much stress must not be laid on 


this view, as it is largely a matter of conjecture. Another interpretation which — | 


might. be placed on these results, is that relatively more bacilli than 
spores were destroyed in the process of purification. If any absolute proof 
could be furnished of the truth of this not unlikely supposition, it would be 
of considerable interest from the epidemiological point of view. The fact 
that the sewage seemed to be more than usually rich in the spores of B. 
enteritidis sporogenes, however, must not be ignored. 





* In the London County Council experiments, the ratios of the total number of bacteria growing — 


(a) in gelatine at 20° C. and (b) in agar at 37°C. was 1°74: 1,in the cage of Crossness crude sewage 
and 1°66: 1 as regards the 13-ft. coke-bed effluent, 
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In the table and diagram illustrating Appendix VI. (page 212) (see also 
Addendum C.) the results as regards the litmus milk and neutral-red broth 
tests are brought into comparison with the “ gas” and B. enteritidis sporogenes 
test. It appears that 15 out of 33 samples “passed” the litmus milk 
test and 19 out of 85 the neutral red broth tests. ; 

The ‘“ gas,” B. enteritidis sporogenes and neutral-red broth tests were also 
used for a special series of experiments set forth in Addendum A, Table 3. 
Ten, three and four out of 15 effluents, passed respectively the standards 
set up for these tests. 


5. Groupina of the effluents based on Mr. Kershaw’s Notes. 


Passing next to the consideration of Mr Kershaw’s notes and tables 
dealing with the various samples, with the view of grouping the various 
effluents, the following points are worthy of note :— 


The following samples shown in Table 1 and Diagram 1 come under the 
category of “general” or “combined” effluents, namely, 53, 56, 89, 246, 
et7A. 318A, 318C, 318E, 319A, 320A). 322A, 322B, 323B,. 324A. Of 
these only one (318C) “passed” the standard as regards B. enteritidis 
sporogenes, but eight others (53, 56, 89, 246, 319A, 322A, 323B, 324A) 
were fairly satisfactory effluents. Judged by the sum of all the biological 
tests, these ‘‘ general” effluents were unsatisfactory, but not, as a rule, to a 
conspicuous extent. A number of them “passed” the majority of the tests 
employed. 

Samples 321, 322, 323, and 324 (Table 1, Diagram 1) were not satisfactory. 
They were obtained from the new land A after it had been in operation 
for a prolonged period, and this might have been considered a sufficient 
explanation of the results, if it were not for the fact that samples obtained 
still later (461, 463, 465, Addendum D) yielded in most respects remarkably 
good results. 


The following samples (Table 1, Diagram 1) were from the ‘“‘ new” land, 
namely: 82, 83, 84, 87, 83, from the new land A during the earlier period 
-of its history; and 307, 312, 313, 314A, 314D, 314H, 317, 318, 318D, 318F, 
from the “new” land B. Some of these samples were undeniably bad, but 
-a number of them were distinctly good effluents. Thus no less than nine 
(all, however, from the “new” land B) “passed” when judged by the B. 
enteritidis test. 


Samples 49, 51, 52, 53, 55, 56, 89, 246, 247, 304, 305, 314B, 314C, 314E, 
B14F, 317A, 318A, 318C, 318E, 319, 319A, 319C, 320.4, 322A, 322B, 
322C, 323B, and 324A were from the “old” land. They varied very greatly 
in their biological composition, and only four of them “passed” the B 
enteritidis sporogenes test, although 13 others came within measurable 
distance of “passing,” and a fair proportion of these effluents proved satis- 
‘factory when judged by other tests. 


As regards “corresponding ”* samples of sewage and effluent (48 and 49, 
50 and 51, 54 and 55, 302 and 304, 303 and 305, 81 and 82, 86 and 87, 306 
and 307, 314G and 314H), the results show that in some cases the percentage 
improvement in the effluent, as compared with the raw sewage, was 
noteworthy, in other instances disappointing, but taking the majority of 
-cases fairly satisfactory. 


The “comparative” samples were as follows: (51 and 55), (314C and 
'314E), (82, 83, 84, 87, 88), (B21, 322, 323, 324), (307, 312, 313, 314.4, 314D), 
(314H, 317, 318, 318D, 318F). In not a few cases, they illustrate in a striking 
manner the lack of uniformity of results of the bacteriological examination 
_of effluents collected from time to time from the same plot of land. For 








* That is “‘ corresponding,” in the sense that the effluent from the land was collected at such 
a time after the application oi the -.wage to the plot of land as seemingly to represent the degree 
of purification of the sewage effected by the land treatment. It appears, however, from Dz, 
Mc(@owan’s chemical records that the correspondence was often more apparent than real. 
+ “Comparative,” inasmuch as the effluents in each series were collected from the same plot of 
‘Jand. 
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further details, reference must be made to Addendum E.; and as regards 
the distinction between the old land effluents and the new land effluents 
A and B, to the reports of Mr. Kershaw and Dr. McGowan (Parts II. and 
2s C 4 


IV.). 


6. : : 
subsoil water, and ‘ street washings,” with accompanying table. 


In Table 2, the results of the bacteriological examination of samples of 
river water, subsoil water, “street washings” are shown. — 

The impure state of the river water, above the junction of the sewage 
effluent, limits the usefulness of the results obtained by the examination of 
samples 56, 57, 58, and 59. Moreover, to obtain results of value, multiple 
samples would require to be examined. It 1S probable, however, that from 
the chemical point of view the examination chemically of even isolated 
samples would yield useful information. The samples were examined 
bacteriologically mainly with the object of obtaining bacteriological records 
to run parallel with Dr. McGowan’s chemical results. The ratio of the 
effluent to river water is about 1 to 6. 

It is worth noting that the river water (57) although impure was much 
purer than the effluent (56) and that the mixed river water and effluent, 
although it contained much fewer bacteria than the efiluent alone (56), at a 
point just below the junction of the effluent with the river (58), seemingly 


deteriorated (so far as the total number of bacteria are concerned) in - 


biological quality some 500 feet lower down (59). Mr. Kershaw, always 
careful to note any circumstance which might have a bearing on the 
chemical or bacteriological results, observes in his “additional notes on 


samples” that some cattle had apparently been in the stream some hours. 


previous to drawing the sample. HSS 

As regards samples of river water, numbers 326 and 327, it is of interest 
to note that Mr. Kershaw speaks of these samples as presenting a somewhat 
similar appearance, except that, if anything, 327 seemed to be the 
clearer. The bacteriological examination showed that the two samples were 
very similar in their biological composition, notwithstanding the fact that 
326 was collected above and 327 below the effluent outfall. The river, 
however, was in flood, and I have frequently had occasion to note the 
unsatisfactory bacteriological results yielded by flood waters. 

Sample 60 was from a pump well near the farm. It contained 720 
bacteria per c.c. (gelatine at 20° C.) and 38 microbes in 1 c.c. (agar at 37° C.) ; 
no B. coli in 1 c.c. and no spores of B. enteritidis sporogenes in 10 cc. 

Many samples of drinking water may be found to be much purer than 
this ; nevertheless, the wide distinction between the biological composition of 
this water and most of the effluents from the Aldershot Camp sewage farm is 
striking. On many sewage farms, a good deal of subsoil water finds its way 


into the under-drains.. It seemed, therefore, desirable to take the oppor- 


tunity, whenever it presented itself, of examining, for comparative purposes,. 
samples of subsoil water and weli water. 

The results of the examination of samples 311 and 314 is of interest as 
showing that ‘street washings” may be nearly, if not quite, as impure as 
crude sewage. The samples were collected respectively after two and three 
days’ heavy rain, and so,as Mr. Kershaw observes, were probably as pure as 
they could be expected at any time to be. As regards the latter sample, 
however, there was a suspicion of some slight admixture of sewage escaping 
from the farm. 

The question of the advantages of the so-called “‘ separate system” is one 
which merits serious attention from the bacteriological point of view. 

Guinea-pigs inoculated subcutaneously with comparatively small quantities 


of samples of “street washings” have usually either rapidly succumbed, or 
at least shown signs and symptoms of being injuriously affected Neverthe- 


less, as regards samples 311 and 314, two guinea-pigs inoculated sub- 


utaneously the one with 1 ¢.c. of 311 and the other with 2¢c¢. of 314 


eventually recovered completely, although both showed signs of a local 
reaction. 


Results of the bacteriological examination of additional samples of river water, 
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TaBLE 2.—Showing the results of the bacteriological examination of samples of river 
water, subsoil water, street ‘“ washings,” obtained from Aldershot Sewage 



































Farm. 
Total aie bacteria Wisin har of 
1s lee Number of Spores of B. enteritidis 
Description of the Sample. B. coli (or closely sporogenes (Klein’s “enteritidis 
alntine at Agar at allied forms) per c.c. change” in mile culture) 
90° CK 37° Cc. per c.c. 
*56 General effluent before enter-_ 410,000 16,000 1,000 not 10,000 -| + ‘1- ‘Ol ec. At least 10 but 
ing Blackwater River. (indol + -0001 ¢.c.) less than 100. 
27th March 1900, 12.15 p.m. 
*57 Blackwater River water, 8,200 500 At least 10 - -| + ‘lee. Atleast 10. 
above junction with effluent. (indol + *1 e.c.) 
27th March 1900, 12.30 p.m. . 
*58 Blackwater River water, just | 26,000 4,300 At least 100 - -| + ‘1 ~ ‘Olee. At least 10 but 
below junction of effluent. (indol + ‘01 ¢.e.) less than 100. 
27th March 1901, 12.45 p.m. 
-*59 Blackwater River water, 500 40,000 5,200 At least 100 - -| + -leec. At least 10. 
feet below junction with = (indol + 01 e.c.) 
effluent. | 
27th March 1900, 1.15 p.m. 
+60 Subsoil water - - - 720 38 None in 1 e.c. - | None in 10 c.c. 
2nd April 1900, 12 noon. (indol + 1 ¢.c.) 
$311 Street “washings” = - - 7,500,000 640,000 See tests below -/ + ‘1, — ‘Ol cc. At least 10 but 
2nd July 1901, 12.45 p.m. less than 100. 
314 Street ‘‘washings” — - - | 22,800,000 900,000 - ditto - -| + ‘01, — 001 cc. At least 100 
3rd July 1901, 11.45 a.m. but less than 1,000. 
$326 Blackwater River water, 30) See tests See tests See tests below -/ + 1, — ‘Ol cc. At least 10 but 
yards above effluent outfall. below. below. less than 100. 
24th July 1901, 10.45 a.m. 
$327 Blackwater River water, 30 | - ditto -|- ditto arene CALE. - =< ditto : ditto. 
yards below effluent outfall. 
24th July 1901, 11 a.m. 














* Samples 56, 57, 58, and 59 gave as regards ‘‘ gas” in gelatine “shake” cultures (48 hours at 20° C.) the following 
"results : 56, + ‘Ol c.c.; 57, + 1, — ‘lec; 58, + 1, - ‘Ol ecc.; 59, + ‘lee. 
+ Sample 60 gave as regards “gas” in gelatine “shake” cultures (48 hours at 20° C.) the following result: negative 


result, 1 ¢.c. 


+ Samples 311, 314, 326, and 327 gave as regards the neutral red broth (24 hours at 37° C.), litmus milk (24 hours at 


37°C.) and “gas” (24 hours at 20° C.) teste, the following results :— 





Neutral red broth test :— 
311 + :0001 — :00001 c.e. 
314 + ‘00001 c.c. 
326 + ‘01 — ‘001 c.c. 
327 + ‘01 — ‘00l ce. 


Litmus milk test : 
311 Acid solid clot ‘001, acid no clot -0001 and ‘00001 c.c. 
314 Acid clot :0001, acid no clot :00001 c¢.c. 
326 Acid clot *1, acid no clot ‘01 and 001, negative ‘0001 c.c. 
327 Acid clot ‘01, acid no clot ‘001 and ‘0001 e.e. 


“ Gas” test: 
311 + :001 — °0001 c.c. 
314 + :001 — ‘0001 c.c. 
326 + ‘1 -— ‘Ol ce. 
327 = *Irc.c; 


7. General Conclusions. § 


_ The results, as a whole, do not suggest the impracticability of land similar 
to that at Aldershot Camp sewage farm being worked so as uniformly to 
produce an effluent which would pass the provisional standards that have been 
tentatively suggested. In this connection, it is noteworthy that as regards. 
most, at all events, of the tests employed, a number of the effluents not only 
“passed,” but easily “passed” the respective standards for non-drinking 
water streams. Moreover, a majority, not a minority, of the effluents either 
“passed” or came within measurable distance of “passing” the standards. 
set up for the various tests. But obviously it would be necessary to alter, 
in some way or other, the existing methods of. working the farm or else 
to acquire an additional area of land, in order to obtain uniformly satisfactory 
results. 

From Mr Kershaw’s notes, it appears that the farm is well managed. It 
follows from this that either an additional area of land would be required to 





§ For statistical information, see tabular statement at the beginning of this report, Section /. 
6225 (iii.) D 
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produce a uniformly satisfactory effluent, or else that the standards suggested 


require modification. As regards the latter point, it is desirable to point out 
in as emphatic a manner as possible that the suggested standards are merely 
provisional for working and comparative purposes, and need not necessarily 
be adopted, as they stand, without modification. : 

Nevertheless, as regards the B. enteritidis sporogenes test, some exercise 
of judgment would be required in interpreting the general results. The 
better results yielded by the other tests modify considerably the unfavour- 
able impression left by the unsatisfactory results yielded by the B. enteritidis 
sporogenes test. But it has never been suggested that, because an effluent 
fails as regards a single test, the results yielded by other tests should there- 
fore be ignored. It is not improbable that the strength of the sewage, the 
length of time the farm has been in operation, the fact that the sludge is 
ploughed into the land, and the hardy nature of spores as compared with 
bacilli, may account for the results'being seemingly less satisfactory with the | 
B. enteritidis sporogenes test than with the other tests employed in the 
investigation. 

It is perhaps hardly necessary to add that, considered from the bacterio- 
logical point of view, none of the samples of effluent were in a fit state to be 
turned into a drinking-water stream. 

The truth of this proposition may be judged from a comparison of these 
results with those obtained in the bacterioscopic examination of potable 
waters. Thus pure water may contain less than 100 microbes per c.c. 
No B. coli, it may be, in 1, 10, or even 100 c.c. or more of the water. And 
no spores of B. enteritidis sporogenes in from 100 to 500 c.c. 

These general conclusions are based on the results set forth in the 
Addenda as well as on those already considered in detail. 


Addendum A.— Results of the examination by means of simple tests of samples 
obtained from Aldershot Camp Sewage Farm. (Special 
Comparative Series of Eaperiments.) 


It was the wish of the Commission that some experiments should be 


carried out with simple tests. Tests which, although perhaps not invariably 


infallible, nevertheless afford a fair indication of the probable biological 
qualities of sewage effluents, and tests, moreover, which could be readily 
carried out by comparatively speaking inexperienced workers. With this 


-end in view, a special series of experiments was carried out in connection 


with Aldershot, Nottingham, Leicester, and Beddington sewage farms. 

The results, in so far as they apply to Aldershot, are shown in Table 38, 
Diagram 2 (see also Appendix IL., page 194). 

The tests employed were (1) the “gas,” (2) B. enteritidis sporogenes, and 


(3) neutral-red broth tests. It has already been pointed out to the Commis- 
sion that (1), the first-named test, gives an indication of the number (relative, 


not actual) of gas-forming bacteria in effluents which belong, for the most 


part, to the objectionable B. coli and B. proteus class. (2) The B. enteritidis 
-sporogenes test, apart from its specialised value, is of great importance as an 


extremely simple method of measuring the probable number of anzrobic 
micro-organisms of all sorts present in a sample. (3) The neutral-red broth 
ih ae results which run nearly parallel with the records as regards — 
B. coli. j 
The standards suggested as regards these three tests are as follows :— 
(1) “Gas” test (24 hours at 20°C.)- Negative result, 0:1 c.c. (less than 
10 per c.c. 


(2) B. enteritidis sporogenes test - Negative result, 0:1 c.c. (less than 
10 per c.c.). 

(3) Neutral-red broth test —- - Negative result, 001 cc. (less than 
1,000 per c.c.). 


By referring to Table 3 and Diagram 2, it will be seen that 10 out of 15 


‘samples of effluent passed the “gas” test. Only three samples were 


satisfactory as regards B. enteritidis sporogenes, but eight additional 
samples came within measurable distance of passing the standard suggested. 


“The: sewage was rich in the spores of the anzrobic, but the gas-forming 
bacteria were also very numerous ; and there is more than a probability that 





; Diagram. 2 showing, as regards the. (2) Ggas}(b) B. enteritidis sporogenes; 
. & (c) neutral red broth tests, the results of the bacteriological ahd A tank 


mation. ef five samples of sewage & tifteen samples of effiaent 


obtained. trom. Aldershot sewage farm. 
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the land was removing or destroying the gas-forming bacteria to a greater 
extent than the spores of B. enteritidis sporogenes. This perhaps is what 
might have been anticipated ; but a fact of interest, in connexion with the 
bacteriological investigation of different processes of sewage purification, 
is that, generally speaking, the spores are apt to decline in number, 
seemingly almost part passu with the reduction in the number of microbes 
present as bacilli. It is to be noted that Aldershot Camp farm has been in 
existence for more than 36 years, and that the sludge mixed with farmyard 
manure is dug or ploughed into the soil. These are circumstances which 
must be borne in mind in considering the number of spores of B. enteritidis 
sporogenes in the effluents. Sludge is peculiarly rich in the spores of this 
pathogenic anzrobe, and spores, as compared with bacilli, are extremely 
hardy. It may be conjectured that the age of the farm and the 
utilisation of the sludge for farming purposes may possibly, to some 
extent, have influenced the results as regards B. enteritidis sporogenes. 
Nevertheless, prebably the main factor at work in bringing about the 
observed results was the great number of spores in the sewage. Four 
samples proved satisfactory, as Judged by the neutral red broth test, but 
eight other samples were fairly satisfactory. The diagram shows that a 
broad parallelism exists between the results yielded by the use of the above 
three tests. | 

Further and separate records will be found in Addenda B. and C. 


Addendum B.—Comparative records as regards (a) the “gas” and (b) B. 
enteritidis sporogenes tests of samples obtained from Aldershot Camp as well as 
other sewage farms. 


These results are shown in the table and diagram illustrating Appendix ITI. 
(page 196), and they include all the samples (from other sewage farms 
‘as well as Aldershot Camp) which were examined by both of these tests. 
These records are additional to the special series already described 
in Addendum A., and they deal in all with 194 samples. As explained 
in a previous section (section 4) 35 out of 46 samples obtained from 
Aldershot were satisfactory as regards the “gas” test (negative result 
01 c.c.), but only 13 out of a similar number passed the B. enteritidis 
-sporogenes standard (negative result 0-1 cc.) In considering these 
tables and the accompanying diagram, special attention should be 
directed to the fact that the two tests show results broadly parallel. 
The marked percentage purification effected by the land treatment 
in many cases is also noteworthy. Further, the distinction between, on the 
-one hand, crude sewage and effluents showing an average degree of purifica- 
tion and, on the other hand, waters of potable sort, is worthy of serious 
attention. As regards the former (sewage and effluents), the records speak 
for themselves ; as regards the latter it has been pointed out from time to 
time that pure water may yield a negative result as regards the “ gas” test, 
even when the bacterial contents of 200 c.c., and in respect of the B. 
enteritidis sporogenes test as much as 500 c.c., are used for cultural 
purposes. | 

This table and diagram (Appendix III.) will be referred to again, as they 
deal in all with other effluents besides those obtained from Aldershot Camp 
sewage farm. 


Addendum C.—General comparison, as regards (a) the “gas,” (b) B. enteritidis 
sporogenes, (c) neutral red broth, and (d) litmus milk tests of samples obtained 
Jrom Aldershot Camp as well as other sewage farms. : 


These results are shown in the table and diagram illustrating Appendix IV, 
(page 203), and they include all the samples (from other sewage farms as well 
as Aldershot Camp) which were examined by practically all of these tests. 
These records are separate from and additional to the special series described 
in Addendum A., and they deal in all with 63 samples. 

As explained in a previous section (section 4) 15 out of 33 samples of the 
Aldershot effivent passed the litmus milk test* and 19 out of 35 the neutral. 


* The provisional standard here suggested is a negative result as regards the formation of acid 
and clot in milk, when using for cultural purposes 0°01 ¢.c. Since writing this report (1901), 
the composition of the medium has been altered and the standard raised to the same level as 


the neutral-red broth test (negative result, —-001 i 
Wiitentis Sailic (modified) iat 8 ‘ c.c.). The test is now (1902) known as the 
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red broth test. The same 35 samples examined by the ‘“‘gas” and B. 
enteritidis sporogenes tests yielded the following results, namely, 29 samples 
were considered satisfactory, when judged by the “gas” test, but only 12 
passed the B. enteritidis sporogenes standard. 

This table and diagram, Appendix IV., will be referred to from time to 
time, as they deal with other effluents besides those obtained from Aldershot 
Camp sewage farm. 


Addendum D.—Additional bacteriological notes. 


During the month of October 1901 a few additional samples were 
examined as regards the number of bacteria and the B. coli and indol tests. 
The results are shown in the following table :— 


$< 


Indol test (indol 





Number of bacteria per c.c. 


Description of the 








Number of B. coli 


in broth 
cultures, 5 days 
C.) 





Sample. Gelatine at 20° C.| Agar at 37°C. a ho at 37° 
389 Crude sewage 21,000,000 3,480,000 100,000 + -00001 c.c. 
14th October 1901. 
390 General effluent - 45,000 8,000 Less than 10,000 + 001; — :0001 
14th October 1901. c.¢. 
395 Final effluent 980,000 824,000 At least 1,000 + ‘001 c.c. 


streptococci. 


15th October 1901. 
396 General effluent - - 16,000 2,700 Less than 1,000 | + ‘01; — ‘001 c.c. 
15th October 1901. [390 and 396 passed) [890 and 396 passed| [396 passed the |[396 passed the 
the standard of | the standard of | standard of less | standard of a 
less than 100,000 than 1,000 per 
per cc. ] ¢.c.,and 390 may 
have done so as 
it gave a nega- 
tive result with 
ToT €.C.] 


less than 10,000 
per c.c. | 


negative result 
with ‘001 c.c.] 

















StreptococciSample 51 (effluent) was examined for the presence of 
But none could be found in 0-1 and 0°01 c.c. of the sample. 
Unfortunately, during the periods when the Aldershot samples were being 
received, other tests were. being specially investigated and compared with 
one another, and the streptococcus test was in consequence not employed. 


Animal inoculation eaxperiments—Two guinea-pigs were respectively 
inoculated subcutaneously with (a) 2 ¢.c. of sample 314 (street ‘“‘ washings ”) 
and (b) lec. of sample 311 (street ‘“ washings”). Both animals showed 
signs of a local reaction, but eventually recovered completely from the effects 
of the injection. 

Additional samples from New Land A.—During the early part of the 


present year (1902) a few additional samples of effluent were examined. 
They yielded results as follows :-— 


461. Final effluent, New Land A., 29th January, 1902: 


Total number of microbes (gelatine at 20° C.) 22,000 

‘ (agar at 37°C.) .- 200 |e rN 
B. “coli test, negative result iso C.¢. 
Indol test, _,, 


463. Final effluent, New Land A. 30th J anuary, 1902: 


Total number of microbes (gelatine at 20°C.) 1,100 
. (agar Btrde Ga), 4p fer vie 
B. coli test, negative: results a CC, 
Indol test, + fs ¢.c.; — riv ©. 
465. Final effluent, New Land A., 31st January, 1902: 
Bile-salt broth test — -| waoati It 
Neutral red broth test -[7* °S24Ve result rv0 ec. 
B. enteritidis sporogenes test + 7c ¢.c.; — rbo Cc. 


“ Gas” test - : - 


The above samples (461, 463, and 465) yielded, on the whole, remarkably 
good results. It is difficult to understand why this plot of land should have 
improved in purifying power to so marked an extent since 23rd July 1901 
(sample 324, Table 1, Diagram 1). Mr. Kershaw, however, supplies a note 
to the effect that probably the very heavy rain, falling at this period 
(January, 1902) may have considerably diluted the effluent. 


a ae Mertigt iy CC. 
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Fig. 1.—Aldershot settled sewage, sample 86. Illustrating the “gas” 
test (“‘gas” formation in gelatine shake cultures in 24 hours 
at 20° C.). The tubes, from right to left, contain 75, 130, ross, 
toon ©.c. Of the sample. It will be noted that there is gas 
formation in the first three tubes; the test tube (on the extreme 
left) shows growth but no gas production. Result, + x'ov; 


1 
— T0000 C.C 


[ About natural size. | 


Fig. 2.—Aldershot final effluent, sample 87, corresponding to sample 86. 
Illustrating the “gas” test (“ gas” formation in gelatine 
“shake” cultures in 24 hours at 20° C.). The tubes from right 
to left contain 1, 45, 130, too ©.c. of the sample. It will be 
noted that there is gas formation inthe first three tubes ; the last 
tube (on the extreme left) shows growth but no gas production. 
Result, + itv; —100 cc. That is to say, the effluent (87) is, 
on the basis of this’ test, 10 times better than the settled 


sewage (86). 








[About natural size. | 
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ALDERSHOT CAMP SEWAGE FARM. 








(DoMESTIC SEWAGE.) 





Number 
of 
Sample. 


305 
307 


310 
312 
313 
3l4a 
314b 
314c 
314d 
3l14e 
314f 
314h 
317 
31Ta 
318a 
318 
318c¢ 
318d 
318e 
318f 
319a 
319 
319¢ 
320a 
321 
3224 
322 
322b 
322¢ 
323 
323b 
324a, 
324 
325 
390 
391 
392 
394 
395 
396 
398 
399 
400 
402 
403 
404 
406 
407 
408 


* : . 
Plot sewaged continuously day and night. 

















EFFLUENTS. 
: : | Period 5; 
Number Area of sewaged pre- oe | 
of __ plot or plots Nie eke crops grown Remarks. 
times treated. | sewaged. Sample! 8 on plots. | 
— — ~ :'s “a 
Acres. Days. ; 
Once 5:42 3° Arable, fallow -  -| Unchalked land. 
os 
% { oo } 8* tyegrass = - - : 9) % Very poor crop, 
oe laid down two years. 
6 4°9 3* Ss . .. -| Unchalked land. Crop in good 
condition. 
2 EY pe sae General effluent. 
9°58 \ 3* Ryeegrass - - | Unchalked land. 
” 3°91 Jf yes 
: General effluent, 
” <a = ae D : 
33 3°0 6+ Young ryegrass - - | Chalked land. Young ryegrass 
only just up. 
99 3°0 Tt a 7 - -|Chalked land. Young ryegrass 
only just up. 
4 3°0 St . . - -| Chalked land. Young ryegrass 
only just up. 
» 3°0 9+ fe 3 - -| Chalked land. Young ryegrass 
only just up. 
9 3°0 14+ - ¢ : - | Chalked land. Young ryegrass 
only just ny 
99 3°0 15 * te - -|Chalked land. Young ryegrass 
only pe up. } 
” 3°0 — — General effluent. 
%9 5°08 4t Ryegrass - +  -| Chalked land. 
5 40°0 Various periods| Rye and arable - - is ss General effluent. 
” 3°21 14* Ryegrass - - - Unchalked land. 
9 5°80 3* es 
” 10°0 aye “9 | 
” 1-0 whe * (cut). | 
Pe] 7.0 Ths ” i 
” 1:0 8* ” (cut). I 
” — -— — General effluent. 
4 1:50 15* Ryegrass (cut). 
» 1°50 16* : : 
39 1°50 Wal ” ” 
” 70 3* Af 
$ 30 oe . 
» 1:50 18* ve (cut). 
” 3°0 ae ” 
od 3°0 wkd ” 
» 1°50 Palen RA (cut). 
” 1°50 99* a Fr aie zs 
» os — — General effluent. 
” 1°75 23* Ryegrass (cut). 
” 1°75 24* Ryegrass (cut). ; } 
” 1°75 D5" Ryegrass (cut). i ¢ 
22 age ey work ” ” 
» 3°21 5* Ryegrass. 
‘ 5-08 6 *,  (eut). 
» 1°75 2" Ryegrass (cut). i 
” 2°0 3* 5 Ryegrass (cut). . 
” 3°25 aH Ryegrass. re é = 
‘ 20 it Ryegrass (cut). 
” fo can = ” 
2 a * Hyooress cent. 
» 3:0 7* on @ soe Fe! 
ci 4°0 6* ” z a ” 
2 3°0 8* ” < 3 3 ” ” 
iH 4°0 he ” i. 7 ” ? 
” ws — — General : 
é 3+ 9° > gd) Final 
a 4-0 3 pe: - - : ” ” : 
” a — General 
» 3°0 10* i 2 . | Final . 
” 4°0 g* rt ad ha! ” ” 
% 3-0 | i* : é san g 
» a — — General - 
” 4-0 10* 4 a e Final . 














+ Land sewaged for 12 hours by day only. 





tS Eee 
+ Sewaged night and day 





From Old Land. 


OT 


ALDERSHOT CAMP FARM. 


(Domestic SEWAGE.) 


* Corresponding Effuents. 








Sample Nos. 48 and 49. 


2? 


”? 


+ Old Land. + New Land B. § New Land A. | Remarks. 
Nos. Nos. Nos. 
(51) (3821) ; } 
(55) (322) * By “comparative” samples is meant 
(323) samples drawn from the same areas of 
(324) land, and the effluents in brackets are 
(314¢) (325) comyarable with each so far as the area 
(314e) of land sewaged is concerned. 
(307) 80 + By “old” land effluents is meant those 
| effluents from the old portion of the farm 
(309) 83 Panat eroan the cost 
84 as distinct from the “new. 
(312) 85 ~ New land “A” (coloured pink on small: 
(391) (313) 87 plan accompanying Mr. Kershaw’s report), 
(394) (314a) 88 was brought into operation in May, 1900. 
ed ice (392) § New land “B” (coloured green on small 
(406) (317) (395) en) was brought into operation in June,. 
(400) ey 
(318) (404) 
(318d) (408) 
(318f) 
461 
463 
465 
Sewage Samples. 
Number | | 
5 of ‘ eee f Source. Time taken. | Remarks. 
ample. =e 
46 Crude sewage | Wellington Lines Tanks | lla.m. - Nery. strong, taken before being screened or entering 
tanks. 
50 Screened and 
settled sewage | Stanhope Pa » -|ilLam. - | Very strong, taken after being screened and settled. 
54 oe 29 ? ”? 29) ae 1 p.m. =n ” ” +) 29 
81 - » ~ | Marlborough ,, » -|11.45am. | Very strong, taken after being screened and settled,. 
shghtly alkaline. 
86 ae gars dts A a » - | 12,45 p.m. | Soapy sewage, taken after being screened and settled. 
245 ” 3 915 ” ” » - | 2pm. Sai Fairly strong ” ” 9 
302 i », ~- | Stanhope 5 ele oversee pet i" i ye 
303 Bg 35 Marlborough ,, », - | 11.30 a.m. | Very strong ne ‘6 Me 
306 mi sR 3 3 y » - | 11.380a.m. | Very strong, taken after being screened and settled, 
| septic-looking : 
314 Crude sewage A .. », -|11.15a.m. | Very strong, taken before being screened and settled. 
318 ” ” 7 ” ” ie Loe 10.49 a.m. sees ” 29 ” 
319b i = - a5 BS » - | 10.35a.m. | Fairly strong aa es a 
320 Sereened and 
settled sewage is his » -| 10.45 am. {Not very strong, taken after being screened and settled. 
323a | Crude sewage hos ie so OR RS ie ea Th Ai Rs before * a 
325a ” +) by ” ” ee ae 9.45 am. - | ) ” re +) ‘ ” 
389 as af - | Stanhope 6 » -|12.15 p.m. | Strong, taken before passing through settling tank. 
393 A a - a i, » - | 10.45 a.m. | Apparently stronger than 389, prcbably owing to time of 
397 . is AB af eee lOsSO: aera ay. 
Apparently weaker than usual owing to rainfall. 
401 Screened and | 
settled sewage Hf + » >| 10.15a.m. A strong sample, owing to very heavy rain scouring out 
the sewers. 
405 aA she Be rs » -|10.15a.m. | Fairly strong. 





» 50 and 51. 
» 54and 55. 


», 302 and 304. 
», 303 and 305. 





From New Land A, From New Land B. Remarks. 
Sample Nos. 81 and 82. Sample Nos. 306 and 307. */.¢., effluents correspond- 
ing to crude or screened 
ap », 86 and 87. 4 ,», 314G and 314H. and settled sewage in 


each case. That is to 
say, that the effluent is 
taken some time after 
the sewage sample, to- 
show as far as possible- 
the degree of purifica- 
tion effected on that 





», ol4e and 314e. particular sewage. 

















* Comparative Samples, or Samples taken from the same Plots of Land. 















































+ Taken from the carrier just before going on to the land. 
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ADDENDUM &.—(contimued)—Mr. KursHaw’s Abridged Notes to Accompany Bacteriological Report. 


ADDITIONAL NOTES ON DIFFERENT SAMPLESy 





ALDERSHOT CAMP FARMs ©)! ° 





(Domestic Sewage.) 


WINTER VISIT. 


Sample No. 50.—Screened and settled sewage from Stanhope Lines, one mile distant, and having passed through 
-a bar screen with 3-inch spaces and settling tank. 


Sample No. 52.—This effluent represents an average sample of the farm during wet weather. 


Sample No. 53.—General effluent contained some sewage weed. During wet weather the sewage in consequence 
of the increased flow sometimes reaches portions of the land not usually irrigated, and should there be any rator 
mole holes, reaches the drains imperfectly purified. In addition any accumulation of sewage weed or sediment 
in the drain during a dry period is washed out in times of rainfall. 


Sample No. 56.—General effluent very dirty yellow colour—turbid—a good deal of it being caused no doubt 
‘by some of it having come off the worst parts of the farm ; ¢.e., the parts not drained or levelled. 


Sample No. 57.—River water taken 30 yards above junction of effluent outlet—a fairly clear sample, river 
about normal height (about 4,000,000 gallons per 24 hours). The river appeared to bein a fairly satisfactory state. 


Sample No. 58.—River water and effluent taken 30 yards below effluent outlet ; the effluent entering the river 
-channel at right angles, appeared to be thoroughly mixed with river water. 


Sample No. 59.—River water and effluent, taken 170 yds. below effluent outlet. This sample could not be taken 
any lower down the river owing to another brook joining the river at that point. Some cattle had apparently 
been in the stream some time previously to drawing the sample. 


Sample No. 60.—Subsoil water drawn from a pump well near the farm, 8 ft. deep (no chance of contamination 
from the farm) ; 3 ft. 6 in. of water in the well at time of drawing sample—very clear and sparkling appearance. 
“This well varies in depth according to the amount of rainfall. In July, 1901, the water was 1 ft. 6 in. deep. 





SPRING VISIT. 


Sample No. 82.—Effluent from new land (3 acres) sewaged 6 days, by day only for 12 hours (2.e., 6 a.m. to 
6 p.m.). Effluent smelt strongly of sewage and was of a deep orange colour. The ryegrass was newly sown, 
and was not up sufficiently to affect the purification appreciably. The sewage was flowing on at about the rate 


of 20,000 gallons per 24 hours. ; : 
The surface of the soil was not yet consolidated, being left 2 inches to 3 inches higher than the other land to 


-allow of settlement. ; 
In preparing the land a 4-horse deep plough was employed, this leaving the soil loose immediately beneath the 


surface and causing the sewage in some parts to run direct to the drains. 
Sample No. 83.—Some large holes letting the sewage direct to the drains. Orange-coloured effluent. 
Sample No. 84. Holes in land filled up and rammed. Orange-coloured effluent. 
Sample No. 85.—Yellow coloured effluent, and slight smell. 


Sample No. 87.—Some holes in land started again. Land to be thoroughly rolled once the sewage has 
been taken off it to consolidate it. 
Waterman walking about stirs up the sediment. Effluent orange coloured. 


Sample No. 88.—Holes stopped up. Effluent not quite so deep an orange colour. 


Sample No. 89.—General effluent from old land—yellow coloured—slight sediment. This would include the 
new land final effluent. 


Sample No. 90.—Effluent from old land, 5-08 acres ryegrass, sewaged for 4 days. Fairly clear, slight smell 


Sample No. 245.—Screened and settled sewage from Marlborough Lines. New tanks nowin use and better 
sedimentation obtained thereby. Sewage strong. Sewage is strongest about 10 a.m. and 3 p.m, This sample 
was drawn the day following heavy rainfall. 


Sample No. 246.—General effluent from about 40 acres of old land, slight sewage smell, yellowish colour, some 
sewage fungus. Heavy rainfall appears to disturb the soil for some time afterwards, some of the surface soil 
being apt to wash off in heavy storms. This general effluent had no effluent water from the new land running 
into it, 


Sample No. 247.—Effiluent from old land ryegrass, 3-21 acres, sewaged 14 days, fairly clear and no smell, 


Note.—Effluents subsequent to No. 247 were all drawn from land that had been chalked. 








* In a few instances samples referred to in this Addendum are not accompanied by any bacteriological records. 
These samples were extra ones, collected by Mr. Kershaw for chemical analysis. 

+ Does land, asis the case with water filters, only arrivefat its full purifying power after a certain number of 
days? Up to a certain point that is? As regards this point the South Norwood, Leicester, and Beddington 


experiments should be instructive, in view of their having been carried on for a continuous period on practieally 
the same plots, 


2 


, 
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Live: SUMMER. VISIT. 


peels No. 304.—Effluent from old land, 5-80 acres, ryegrass, sewaged 3 days ; only fairly clear, very slight. 
smell. 


Sample No. 305.—Effluent from o]d land, 10 acres ryegrass (7.e., 11.55 plot), sewaged 3 days ; yellowish colour, . 
decided smell, some sewage fungus. 


Sample No. 307.—Effluent from new land, hay crop only just gathered off ground. Surface cut about by~ 
wagons and carts. A mere dribble of effluent running, opalescent colour. : 


Sample No. 308.—Effluent from old land, yellowish colour, some sewage fungus. 


Sample No. 309.—Effluent from new land ; deep yellow, opalescent colour. Land not set very well, and cut 


up by carts during hay-time, etc. Moles worked during the time that the field was dry. 


Sample No. 310.—General effluent, yellow colour, some finely divided sewage weed, strong sewage smell. 


Sample No. 311.—Street washings and roof water taken from surface water ditch, after two days’ heavy 
rainfall, 7.e., probably as pure as one could expect toobtain it. At the timeof drawing sample this surface water- 
ditch was flowing at about the rate of 10,000,000 gallons per 24 hours ; sample a turbid brown colour. 


Sample No. 312.—Effluent from new land. Sample drawn during very heavy rainfall (-64 inches) ; some 
sewage was escaping direct over the surface of the land to the pick-up carrier at foot of plot and thence to effluent 
chamber. Some solids were washed on to the land ; in consequence partly of the sewage being put upon the land. 
in larger quantities than usual, to soak the land, this in combination with the rainfall producing the overflow. 
The worst sample drawn, being practically weak sewage. 


Sample No. 313.—Effluent from new land, yellow colour, land only just recovering from the heavy rain. 


Sample No. 314.—Street washings and roof water after 3 days’ rain, turbid and apparently worse than the- 
previous sample of street water, probably owing to a slight escape of sewage from the farm. 


Sample No. 3144.—Effuent from new land. No visible short cuts of sewage to drains. Effluent stiil very 
yellow in colour; the ryeyrass growing very slowly in consequence of drought, but assisted by late rains. 


Sample No. 3148.—Effluent from old land ; some suspended matter in effluent; not a very clear sampie. 
Sample No. 314c.—Effluent from old land. Not a very clear sample, and a good deal of sediment, 
Sample No. 314p.—Effluent from new land, yellow colour; land apparently in fair working order. 
Sample No. 3142.—Hflluent from old land, fairly clear. 

Sample No. 314r.—Hffluent from old land, a good deal of suspended matter. . 

Sample No. 314n.—Effluent from new land, yellow colour. 


Sample No. 315.—River water above effluent outfall, cloudy blue colour, 5 c.c.’s dissolved oxygen A good 
deal of froth and scum coming down the stream owing to rainfall. 


Sample No. 316.—River water 20 yards below effluent outfall, dissolved oxygen 3 ¢.c. Cloudy blue colour, 
some fermentation going on in the stream. 


Sample No. 317.—Effluent from new land, yellow colour, slight seaweed smell. ay 


Sample No. 3174.—General effluent from old and new land; a clear-looking sample, very little suspended 
matter, slight seaweed smell. This represents as far as could be judgedafair sample of a “‘ general” or“ com- 
bined ” effluent in dry weather. 


Sample No. 318.—Effluent from new land, yellow colour, strong seaweed smell. 


Sample No. 3184.—General effluent from old and new land, about same in appearance as No. 317a, but clearer 
if anything, slight seaweed smell. 


Sample No. 318c.—General effluent, fairly clear, similar to No. 3184 in appearance. 


Sample No. 318p.—Effluent from new land, yellow colour; a larger flow of effluent running, similar in 
appearance to No. 318. 


Sample No. 318z.—General effluent from old and new land, similar to No. 318p in conditions and appearance, 
but apparently more suspended matter. Perhaps due to increased flow and therefore scouring action. 


Sample No. 318r.—Effluent from new land, similar in appearance to No. 318,. but slightly less suspended 
matter. 

Sample No. 319.—Effiuent from old land ; a good deal of suspended matter. * 

Sample No. 319a.—General effluent from old and new land; a fairly clear sample, green algae showing in 
effluent chamber. 

Sample No. 319c.—Effluent from old land ; a very fairly clear sample, ryegrass just starting to grow. 

Sample No. 320.—Screened and settled sewage taken from the carrier just before going on to the new land ; 
rather weak. 


Sample No. 320a.—General effluent from old and new land, a farly clear sample. 


Sample No. 321.—Effluent from new land, B Plot, sewaged for 2 days, day and night continuously ;, very little 
effluent running owing to drought ; deep yellow colour. 


| Sample No. 322.—Effluent from new land B, sewaged continuously for 3 days; effluent a deep yellow colour; 
still very little running, probably due in some measure to the sewage being on a slightly increased area. A 
large amount of sediment in effluent. 


Sample No. 3224.—General effluent from old and old new land, some little sediment coming down, slight smell. 


Sample No. 3228.—General effluent from old and old new land, similar to No. 322a in colour, but more sediments. 





* Note.—During very lengthy periods of drought, the amount of effluent coming away from the farm is often 
diminished by as much as one-half. When a field or plot is left dry for some days and then sewaged, a good deal 


of matter washes from the drains at first. 


AU 


ais 


Sample No. 322c.—Effluent from old land ; a fairly clear sample, no perceptible smell. 


No. 323.—Effluent from new land B, sewaged day and night continuously 3 very little effluent running, 
Sen suspended matter ; a good deal of sediment was stirred up owing to having to collect sample in very 


small quantities. 


Sample No. 323n,—General effluent from old Jand and new land ; a good deal of suspended matter, owing 
no doubt to slight rainfall ; a slight sewage smell. 


Sample No. 324.—Effluent from new land B. 


Note.—A slight amount of only surface-treated sewage had entered effluent at bottom of plot; effluent a 
frothy, dirty colour in consequence. 


Sample No. 3244 —General effluent from old land and new land B. only fairly clear, in all probability affected 
by bad effluent from new land B. 


Sample No. 325.—Efiluent from new land B (raining heavily during drawing of sample), a little surface 
‘treated sewage getting in. 


Sample No. 326.—River water taken 30 yards above effluent outlet ; river rather high (about at the rate of 
10,000,000 gallons per 24 hours); a turbid sample drawn during rain. 


Sample No. 327.—River water taken 30 yards below effluent outlet; no perceptible difference between the 
two samples, No. 327 if anything clearer than No. 326. . 


Sample No. 390.—General Effluent - Some suspended matter, yellowish colour ; hardly such a good sample 
as usual. 


Sample No. 391.—Final Effluent : A clear sample. 


Sample No. 392.—Final Effiuent : Very little effluent running, top end only of plot being sewaged ; slight 
sewage smell. 


Sample No. 394,—Final Effluent : From same source as 391, clear. 
Sample No. 395.—Final Effluent: From same source as 392, yellow colour ; a little more effluent running. 
Sample No. 396.—General Effluent: Slightly less suspended matter than in No. 390. 


Sample No. 398.—General Effluent : Some sediment, rather dilute, owing to rain (‘20 inch) ; rain also probably 
-gaused more sediment. 


Sample No. 399.—Final Effluent: Same source as 394; some sediment, due to rainfall, otherwise clear. 


Sample No. 400.—Final Effluent : Same source as 395; yellow colour, a good deal of sediment; a fair amoun* 
of effluent running. 


Sample No. 402.—General Effluent : Fairly clear; very slight sewage smell, after heavy rain. 

Sample No. 403.—Final Effluent : Same source as 399, clear, no smell. 

Sample No. 404.—Final Effluent : Same source as 400; yellow colour. After “55-inch rainfall sewage smell. 
Sample No. 406.—Final Effluent : Same source as 403; clear, no smell ; ‘30 inch fell during drawing of samples. 
Sample No. 407.—General Effluent : Fairly clear; taken during heavy rain. 


Sample No. 408.—Final Effluent : Same source as 404; a fair amount of effluent running and less yellow than 
previously ; taken during heavy rain. 


4 Sample No. 461.—Final Effluent: This effluent was undoubtedly affected by the heavy rainfall, and was 
dilute. 


Sample No. 463.—Final Effluent: This sample contained some red flocculent matter. 
Sample No. 465. Final Effluent: Some red suspended matter, otherwise a very clear sample. 


24 hours sewage samples, Nos. 460, 462, and 464.—These samples were taken from the soresrned aad 
settled sewage on leaving the tanks, that being the condition in which it is applied to the land. 
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SECTION II. 


ALTRINCHAM SEWAGE FARM. 





1. Situation of farm.—Bordering on Carrington Moss, about 2 miles from 
Altrincham. 


2. Total acreage of farm.—75‘5 acres. 

3. Total irrigable area.—35 acres. 

4, Average area irrigated at one time.—17°5 acres. 

5. Population draining to farm.—18,000. 

6. Population per acre irrigated.—514. 

7. Gallons of sewage per head per day.—44°4. 

8. Dry-weather flow of sewage per 24 hours.—800,000 gallons. 
9. 


Gallons of sewage (exclusive of storm water) treated per acre per 
24 hours.—46,000 = (20%). 


10. Gallons of sewage treated per acre per 24 hours, on the assumption 
that each acre of irrigable area is under sewage all the time. (This for 
purposes of comparison) = (*2’) = 23,000 gallons. 

11. Characters of the sewage.—Domestic. 


12., Method of treatment.—Settling tanks and land filtration. 


13. General characters of the soil and subsoil.—Peaty (to some extent) soil, 
lying upon sand and gravel. 


14. Separate or combined sewerage system.—Combined. 
15. The final effluent is discharged into.—Sinderland Brook. 


16. Number of years farm in operation before 1900.—30 years. 


6% 5 (iii). 


hy 


42 


A full description of Altrincham Sewage Farm will be found in Mr. 
Kershaw’s Report (Part IV. Engineering and Practical Report). It is 
therefore necessary merely to allude here to a few of the more important 


points mentioned in his Report. 


The sewage is domestic. The town of Altrincham is chiefly on the water-closet system, but there 
are also a number of privies, the contents of which are not dealt with on the farm. The soil varies 


in character, but may be described as a partially peaty soil, resting upon sand and gravel. The 
sewerage system is a combined one. A good deal of subsoil water enters the sewers, but on the 
farm itself but little reaches the under-drains. The main storm overflow works at less than twice 
the dry weather flow. The method of treatment is by settling in a tank and in lagoons and land 
filtration. The sludge is mixed with farmyard manure and dug or ploughed into the land. The 
irrigable area is under-drained, and it is worth noting that the peat removed during the draining 
operations was replaced by good soil. About one-third of the irrigable area is laid out in osier beds. 


The remainder, with the exception of a small meadow which is sewaged only during heavy storms 
is arable land, and the chief crops are mangolds and cabbages. Theeffluents are discharged into 
Sinderland brook, which borders the farm. The ratio of effluents to brook water is about 1 to 3. 
Quoting from Mr. Kershaw’s report -— The total area of the farm is at present (1900) 75°5 acres, 
35 acres of which are irrigated. Taking the irrigable area (viz., 35 acres) as dealong with 800,000 
gallons of sewage per 24 hours and a population of 18,000, this comes to 514°4 persons per acre, 
or about 23,000 gallons per acre ; and since in dry weather about one half of the irrigable area 1s 
sewaged at one time, this gives about 46,000 gallons of sewage treated per acre per 24 hours.” 


The following is a summary of the several sections of the Report in so far as 
it relates to Altrincham Sewage Farm. 


1. Tabular statement and summary of the chief bacteriological results. 


2. Diagram 3 illustrating the results shown in Table 4 with comments 
thereon. 


8 Results considered in relation to Mr. Kershaw’s notes... _... 
4. Results in relation to tests other than. B. enteritidis sporogenes. 


5. Results of the examination of additional samples of mixed effluent 
and brook water, subsoil water, and street “ washings.” _ 


6. General conclusions. 


Addendum A.—Comparative records as regards (1) the “ gas ” and (2) B. 
enteritidis sporogenes tests of samples obtained from Altrincham as well as 
other sewage farms. . | 


Addendum B.—Comparative records as regards (1) the “gas”; (2) B. 
enteritidis sporogenes ; (3) neutral red broth; and (4) litmus milk tests ‘of 
samples obtained from Altrincham as well as other sewage farms, 


Addendum (.—Mr. Kershaw’s abridged notes to accompany bacterio- 
iogical data. 


1. Tabular statement and summary of the chief bacteriological results. : 


The following table (Table 4) shows as regards the total number of 
bacteria, B. coli, and spores of B. enteritidis sporogenes, the results of the 
bacteriological examination of the samples obtained from Altrincham Sewage 
Farm. 
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TaBLE 4. Showing, as regards the total number of bacteria, B. coli, and spores of B. 
enteritidis sporogenes, the results of the bacteriological examination of samples 
of sewage and effluent obtained from Altrincham Sewage Farm. 





Description of the Sample. 


Total Number of bacteria 


per 


c.c, 





Number of 
B. coli. (or closely 
allied forms) per c.c, 


Number of 
Spores of B. enteritidis 
sporogenes (Klein’s “enteritidis 





210 


Gelatine at Agar at change” in milk cultures) 
20° C. 37° C. per ¢.c. 
a, ay 3. Main ca iy 5. 
64 Settled sewage - 1,000,000 124,000 10,000 not 100,000 - | +:01,—"001 ¢.c.° At least 100 but 
10.15 a.m., 26th April 1900. less than 1,000. 
65 First effluent from lagoon - 11,300,000 1,920,000 | At least 100,000 - | - ditto - ditto. 
11.30 a.m., 26th April 1900. 
69 Ponded lagoon liquor - - 22,200,000 290,000 | At least 10,000 +'1,-Olec.c. Atleast 10 but less 
11.50 p.m., 30th April 1900. than 100, 
75 Settled sewage from tank - 11,100,000 1,160,000° | At least 100,000 +°'01,-°001 cc. At least 100 but 
11.30a.m., 30th April 1900. less than 1,000. 
249 Settled sewage - 12,300,000 240;000 | 10,000 not 100,000 - | +°1, --Ol ce. At least 10 but less 
10.45.a.m., 17th April 1901: a then 100 
264 Sewage - 12,600,000 750,000 | At least 100,000 -j| +°01,--001 cc. At least 100 but 
Noon, 30th April 1901. less than 1,000. 
265 Liquor from first lagoon — - 17,040,000 1,476,000 | At least 10,000 - Gitto - ditto. 
12.30 p.m., 30th April 1901. 
266 Liquor from second lagoon - 9,440,000 1,632,000 - ditto - -| +'1,--Olec. At least 10 but less 
1 p.m., 30th April 1901. than 100. 
275 Liquor Oe last lagoon - 27,400,000 6,540,000. °| At least 100,000 - | +:01,--00l c.c. At least 100 but 
11.30 a.m., 8th May 1901. _ less than 1,000. 
Averages - - + 13,820,000 1,570,222 [Ratio of cols. 2 to 3=8°8 : 1.] 
66 Final effluent - 51,000 3,800 | Atleast 100 - - | +10c.¢.,-1 ee. Be 
12.15 p.m., 26th ‘April 1900. SI 
\ 
70 Effluent ponded liquor from 920,000 14,100 } 1,000 not 10,000 +1,-0°l ce. At least 1 but | 5 
lagoon. 1.15 p.m., 30th less than 10. S 
April 1900. ay Eo 
72 General effluent - - 960,000 26,000 | At least 1,000 ditto > ditto. - 
11.50 a.m., 7th May 1900. +5 
MN 
76 Effluent from osier beds’ - 232,000 16,000 | 1,000 not 10,000° - | +‘1-‘Ol cc. “At least 10/5 3 
1 p.m., 15th May 1900. but less than 100. $s 
77 Final effluent — - 103,000 10,200 | - — ditto ditto - ditto. ate 
11.50 a.m., 16th May 1900. 
248 Final lagoon filtration efflu- 1,240,000 13,000 - ditto - -|- ditto - ditto. \ 
ent. 11.10, a.m. 16th 
April 1901. 
250 Final effluent’ - - 848,000 6,900 | Atleast 100 - -|- ditto - ditto. 
Noon, 17th April 1901. hd 
251 Effluent from osier beds’ - 137,000 2,000 | 100 not 1,000 - +1,-‘lec. At least 1 but S 
12.30 p.m., 17th April 1901. less than 10. ae 
252 Effluent (final) - 53,000 930 | Atleast 100 - - ditto ditto. 3 
11.10 a.m., 22nd April’ 1901. a 
253 Effluent from osier beds” - 232,000 3,100 - ditto - -|- ditto - ditto. ie 
11.20 a.m., 22nd April 1901. = 
= 
254 Effluent from osier beds - 80,000 1,200 - ditto - -|- --ditte « -).,. ditto. ae 
11.45 a.m., 22nd April 1901. up 
255 Final lagoon filtration efflu- | 304,000 "2,200 : ditto - -|- ditto ditto. ‘z 
ent. N oon, 22nd April > 
1901. 2 
267 Final effluent from lagoon - 166,000 2,600 | 100‘not 1,000 - ==} ditto ditto. 3 
10.45 a.m, Ist May 1901. Tp) 
274 Final lagoon filtration efflu- 74,000 2,300 | At least 100 - - ditto - ditto. 
ent. 2.30 p.m., 7th May 
LOL? 
Final effluent» - 51,000 4,300 - ditto © - outs ditto : ditto. 
12.30.p.m., 8th May 1901. 
Averages - - - 363,400 ANS [Ratio cols. 2 to 3=49°9: 1 
(97% reduction ||[99% reduction] 
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The following is a brief summary of the results shown in Table 4: 


Sewage and Lagoon Liquor :— 


The average results are as follows :—Total number of bacteria over ten million (gelatine at 
20°C.), and more than one million but less than ten million (agar at 37°C.) respectively per c.c. 
B. coli and B. enteritidis sporogenes usually 100,000 and 100 respectively per c.c. 


Effluents :— 


Total number of bacteria (gelatine at 20°C.) per c.c. :-—One sample contained over one million. 
Nine samples between 100,000 and one million. Five samples over 10,000, but less than 100,000, 
[Provisional standard, less than 100,000 per c.c.] 


Total number of bacteria (agar at 37°C.) per c.c. —Five samples contained more than 10,000, 
but less than 100,000. Nine samples between 1,000 and 10,000; and one sample less than 
1,000. [Provisional standavd, less than 10,000 per e.c.] 


Number of B. coli (and closely allied forms) per c.c. -——Five samples contained 1,000 : ten samples 
100 per c.c. [Provisional standard, less than 1,000 per c.c. | 


Number of B. enteritidis sporogenes per c.c. :-—One sample contained nonein Ic.c. Ten samples. 
1 but Jess than 10. Four samples 10 but less than 100. [Provisional standard less than 10 per ¢.c.) 


2. Diagram 3 illustrating the results shown in Table 4, with comments 
thereon 


The results are shown in graphic form in Diagram 3. By referring to 
Diagram 8 it will be seen that certain horizontal lines are drawn indicating 
provisional standards (non-drinking water streams). 


All samples which did not, according to these standards, fulfil the following 
requirements would be tentatively condemned :— 


1. Total number of bacteria (gelatine at 20° C.). Less than 100,000 
2. Total number of bacteria (agar at 37° C.). Less than 10,000 -| Per 


3. B. coli. Less than 1,000 - : : - . : . {| CC. 
4. B. enteritidis sporogenes. Less than 10 - - - - | 
As regards (1) %5 out of 15 effluents proved satisfactory. 
(2) 10 z , 
(3) 9 z : r 
(4) 11 : r * 


Speaking in general terms, it may be said that the majority of the effluents 
were satisfactory. 


Taking the B. enteritidis sporogenes results as a ready means of gauging 
the degree of biological purification effected, it is to be noted that while 
the sewage and lagoon liquors contained from ten (3 out of 9 samples) to 
one hundred (6 out of 9 samples) spores of this aneeroke per c.c. the effluents 
varied as follows:—Out of 15 samples, only four contained 10; and ten 
samples of effluents contained 1 but less than 10 spores of this aneerobe in 
1 cc. One sample gave a negative result even with i cc. The effluents 
then, judged by this test, were nearly always satisfactory. The sewage and 
lagoon liquors ,yielded, as regards this test, however, lower results than is 
perhaps usual. Commonly sewage yields results as follows;—From 100 
to 1,000 spores of B. enteritidis sporogenes per c.c., but oftener 1,000 than 
100; less frequently, as many as 10,000 or as few as 10. . 
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Results considered in relation to Mr. Kershaw’s notes.* 


It is important to study Mr. Kershaw’s notes in relation to the use of 
lagoons as a means of “settling out the grosser impurities in the sewage 
before its final application on the land.” This is an unusual arrangement, 
but, judging by the final results, the process may possibly be in certain cases 
useful. It was adopted, in the case of Altrincham Sewage Farm, owing to 
the insufficient capacity of the existing settling tank. In hot weather, how- 
ever, it gave rise to a nuisance. 


Samples 65, 69, 265, 266, 275, were all lagoon liquors, and they have been 
classed as sewages in the bacteriological tables. The last three are of 
interest because they represent the surface liquid in the first, second, and 
third lagcons. They (265, 266, and 275) did not differ from each other 
biologically to any conspicuous extent. 


As regards the filtration effluents from the sewage impounded in lagoons, 
Mr. Kershaw collected three samples, viz., 248, 255, and 274. As regards 
248, Mr. Kershaw states that it had a sewage smell, and it is worth noting 
that this sample yielded, on bacteriological analysis, unsatisfactory results. 
The other two samples, 255 and 274, were good effluents. 


Sample 72 was a general effluent; all the remaining samples of effluent were 
final effluents. 


Samples 76, 77, and 251 were effluents from the osier bed; 76 and 77 
were rather less satisfactory than the average. 


Occasion will be found later to refer further to Mr. Kershaw’s report 
and notes, especially in relation to the samples of storm water and brook 
samples. 


Results in relation to tests other than the B. enteritidis sporogenes test. 


Up to the present, prominence has been given to the B. enteritidis 
sporogenes test, but it is necessary to supplement these notes with a brief 
reference to the bacteriological results in general. 


The results as regards the average total number of bacteria in the sewage 
and effluents were as follows : 

















Gelatine at 20° C. Agar at 37°C. Buti 

Microbes per c.c. Microbes per ¢.c. ; 
Sewage -  - 13,820,000 1,570,222 Sra ree] 
Effluents - - | 363,400 (97 per cent. reduction) | 7,275 (99 per cent. reduction) Aor Ouse 











These results indicate, in the effluents, a high percentage degree of 
purification, and the total number of bacteria remaining in the effluents, 
although large, is only slightly in excess of the standard (less than 100,000 
microbes at 20° C.) and 7275 is below the standard for blood-heat bacteria. 
A striking feature of the results is that the ratio of microbes growing at 
blood-heat to total numbers was markedly altered by the land treatment. 
Thus, in the case of the sewage and lagoon liquors, for every blood-heat. 
microbe there were about 9 of all sorts (gelatine at 20° C.); whereas as 
regards the effluents the ratio, instead of being as 1 to 9, was about 1 to 5v. 


The results in the case of B. coli were, on the whole, of a satisfactory 
nature. The sewage and lagoon liquors contained from 100,000 to 10,000 
B. coli per c.c., while in the effluents, the number was much reduced, 
varying between 1,000 and 100 in 1 ce, and the majority (9 out of 15) 
contained less than 1,000. 











* Addendum C. page 49. 
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In the table and diagram illustrating Appendix ITI. (page 196) the results 
as regards he’ “ gas” and B. enteritidis sporogenes tests are brought into 
comparison. Of 15 effluents 9 passed the former and 11 the latter test. 


In the table and diagram illustrating Appendix IV. (page 203), the gas, B. 
enteritidis sporogenes, neutral red broth, and litmus milk tests are compared. 
In this comparative series of experiments, however, but few samples 
from Altrincham aré included.” | 


Indol test (indol in broth cultures 5 days-.at'37° C.): 


Samples, 64, 65, 75. - - - - + 00001 c.c. 
Sewage - a) Seruk | NAT cient! 

Samples 69, 249, 260, 266, OTD ei aes 0001 c.c. 

(Samples 70, 76 - - - - - + 0001 cc. 

‘Samples 72,77, 248, 250 +°- . a DOLE. 
fifluents’-  -) Samples 66, 251, 252, 253, 255, 267, © . . 

| pr ft Bali - - - - - + 01 i 

eehans O54 > ape oS Se tae eee 


The majority of the effluents were. satisfactory as judged by this test.” 


Results of the bacteroloyical examination of additional samples of storm 
water, river water, and subsou water. 


These results are shown in Table 5. 


Samples 67 and 68 were examples of “storm water,” and, they yielded 
very bad results on bacteriological examination. Guinea-pigs inoculated 
subcutaneously with, in each case, 2 c.c. of samples 67° and 68 died on the 
third day. It has already been noted that the main storm ‘water’ overflow 
works at less than twice the dry-weather flow. 


Sample 78 consisted of subsoil water drawn from a trench 3 feet 6 inches 
deep. The water percolated through very fine white sand into the trench, 
according to Mr. Kershaw’s notes, and this may account for the good results 
obtained. The sample contained no B. coli and no spores of B. enteritidis 
sporogenes in 1 c.c. There was a fish refuse heap about 100 yards away 
from the trench, and the nearest land under irrigation was about 150 yards 
distant. It is improbable, however, that the subsoil water was influenced 
by these circumstances. 


Samples 71, 72, 78, 74 were, with the exception of 72 (general effluent) 
drawn from the Sinderland brook, which borders the farm and receives the — 
effluent outfalls: 7i was drawn above the effluent outfalls, and 73 and ,74 
respectively 175 and 250 yards below the last effluent. outfall. The ratio 
of the stream to the effluent was, at the time of collection, approximately 
6 to 1, although normally the ratio is about 3 to 1. The brook water above 
the effluent outfalls was grossly polluted.* Below the effluent, outfalls, it 
was naturally still more impure, and sample 74 (250 yards below the last 
effluent outfall) was as impure bacteriologically as sample 73 (175 yards 
below the last effluent outfall). 





_ * It is not unimportant to possess some records of the bacterological quality of the rivers 
into which effluents are being discharged. The subject is one which. must ‘needs influence, to 
some extent, the question of practicable standards. 
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TABLE 5.—-Showing the results of the bacteriological examination of samples of storm 
water overflow, brook water, effluent and subsoil water, obtained from Altrincham 


Sewage Farm. 





Total Number of bacteria 
per c.c. 





Number of 
Spores of B. enteritidis 











Set ; Number of as5 
Description of the Sample. B, coli (or closely : eee on 8 ie 
Gelatine at Agar at allied forms) per c.c. eae 1 wee 
20° C. 37° C. cultures) per c.c 
As 2. 3 4, 5. 
67 Storm water overflow tT — - 17,600,000 1,480,000 100,000 - : - - | +01,—-00l1¢.c. At least 100 
29th April 1900. (indol, + -00001 ¢.c.) but less than 1,000 
68 Sameasabovet .- . 26,100,000 1,640,009 10,000 not 100,000 - ditto .- ditto - 
(1 hour later) 29th April (indvl, + -000)1 ¢.¢.) 
1900. 
71 Sinderland brook. water 53,000 6,700 At least 100 - : = | +:),—"Ol ce. - At least’ 1( 
above effluent outfall * (indol, + ‘01 ¢ ¢.) but less than 100. 
7th May 1900. 
72 General effluent - - 960,000 26,000 1,000 - - : = +1,-‘lee. At least 1 but 
7th May 1900. (indol, + ‘001 c.c.) less than 10. 
73 Sinderjand brook + effluent, 78,000 12,000 - ditto ditto - ditto-- - - ditto - 
7th May 1900. 175 yds. 
below last effluent outfall, 
74 Same, lowerdown - - 139,000 11,400 - ditto - ditto -|- ditto - ditto - 
7th May 1900. 250 yds. 
below last effluent outfall. 
78 Subsoil water - = - 1,220 253 None in 1-¢.c. - - | +10¢.c.-lee. None in 1 
16th May 1900. (indol, + ‘1 e.e.) c.c. 














Samples 675.68, 71, 72, 73, 74, 78, yielded the following results as regards the “gas” test (“gas” in gelatine “shake » 
cultures in 24 hours at 20° C.) :— 


67 - - +°01,- 001 c.c. 
68 - - +001, — ‘0001 c.c. 
a - - +'1,-‘Ol ce. 

72 : : ditto. 

73 - ditto. 

74 - ditto. 

78 - - negative 1 c.e. 


* Volume of brook water to effluent was about 6 to 1 when samples were drawn, but normally the ratio is about 3 to 1. 
+ 2¢.c. were injected subcutaneously into a guinea-pig. 


The animal died on the third day. 


General Conclusions. § 


Judged as a whole, the results were certainly good, since the majority of 
the effluents passed the suggested standard for non-drinking water streams. 
From Mr. Kershaw’s report, it appears that although part of the farm is 
peat land, this land is not used for irrigation purposes. The area actually 
irrigated, although containing some peat, is of a sandier character. It is 
possible that the peat land, although considered unsuitable for sewage 
purification purposes, may exercise some restraining influence on the multi- 
plication of the bacteria. But the satisfactory results are probably to be 
ascribed to the porosity of the surface soil and the fine white sand and gravel 
which Mr. Kershaw describes as immediately subjacent to it. Moreover, the 
sewage was in some respects not very strong, and was doubtless diluted by 
subsoil water gaining access to the sewers. Further, the fact that the 
main storm overflow acted, when the sewage was increased to less than twice 
the dry-weather flow, placed during wet weather less burden on the land 
than is perhaps usually the case on most sewage farms. In this connection, 
the extremely foul character of samples 67 and 68 (storm water overflow) 
may well be borne in mind. 

None of the effluents were in a fit state to be turned into a drinking-water 
stream. , 

The number of microbes (a) growing in agar at 37° C. as compared with 
the (b) total number (gelatine at 20° C.) was less than is usual in the case 
of sewage; and as regards the effluents, this difference was extremely 
well marked. The ratios of (a) to (b) being respectively about 1 to 9 
(sewages) and 1 to 50 (effluents). Probably this may be regarded with 
safety as a satisfactory feature of the results. 





§ For statistical information see tabular statement at the beginning of this Keport, Section II. 
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Addendum A.—Comparative records as regards (1) the “gas” and (2) B. 
enteritidis sporogenes tests of samples obtained from Altrincham as weli as other 


sewage farms. 


These results are shown in the Table and Diagram illustrating Appendix III. 
(page 196), and they include all the samples (from other sewage farms as well 
as Altrincham) which were examined by both of these tests. 194 samples 
arc dealt with altogether ; of these 24 were obtained from Altrincham. Out 
of 15 samples of effluent, 9 passed the former and 11 the latter test. It 
may, therefore, be said that about two out of every three effluents proved 
satisfactory, as judged by the standard laid down for these tests. 





Addendum B.—General comparison as regards (a) the “gas,” (6) B. enteri- 
tidis sporogenes, (c) neutral-red broth, and (d) litmus milk tests, of samples obtained 
from Altrincham as well as other sewage farms. 


These results are shown in the Table and Diagram illustrating Appendix 
LV. (page 203), and they include all the samples (63 in number) which were 
examined by all (with a few exceptions) of these tests. Most of the samples, 
however, were obtained from Aldershot Camp sewage farm, and the Altrin- 
cham samples were but few in number. Of the four samples of effluent, 


and taking the tests in the above order, two, two, three, and two (out of three 
examined), respectively, passed the standards set up for these four tests. 
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ALTRINCHAM SEWAGE FARM. 





DomEstic SEWAGE. 


Addendum$C.—Mr. Kershaw’s abridged notes to accompany bactertological data. 












































Number of Length 

Rienher times Area of of time these Nature 

aes the sewage.is | plot or plots plots had f 

of passed sewaged been sewaged 2 REMARKS. 

Ss 1 through or at the time of previously crops grown 
i a over drawing Sample.| to drawing ioe 
the soil. Sample. | OPO ees 

, Acres. 

Once* 2°80 26 days* Arable ; no crops - - | Lagoon liquor* (surface), cloudy 
greenish colour, slight sewage 
smell ; sewage running on con- 
tinuously by day and night. 

Twice 1-0 7 days Ridged arable (sown | Final effluent (filtration), iron film 

(intermit- mangolds). on surface, some red flocculent 
tently) matter. 

67 = a — — Liquor from storm overflow. 

68 oF in 5g bi) ” ” ” 

r 69 Once 2°80 30 days Arable ; no crops - - | Lagoon liquor (surface) cloudy. 

70 Twice 0 24hours | Ridged arable (sown | Final effluent (filtration) ; sample 

‘ mangolds). taken after 4,000 gailons had 

t passed on to the ridged land. 

val ee = = = Brook water taken above effluent 

' outfalls. 

P. 

+ 72 a ae ae = General effluent—turbid and red- 

“ dish yellow colour. 

73 oe wh pi ae ‘Brook water and effluents taken 
175 yards below last effluent 
outfall. 

"74 nt = a te Brook water and effluents taken 
250 yards below last effluent 
outfall. 

"76 Once 2°25 94 hours QOsiers - - - - | Final effluent (filtration). This 
effluent was from night sewage. 

77 Once 2:25 94 hours Osiers - - - - | Final effluent (filtration). This 
$ effluent was from night sewage. 

5 "78 Bes ~e = = Subsoil water drawn 3 ft. 6 in. 

: Salamenes appearance, ap- 

) parently full of lime. 

! 248 Three times 2°50 18 hours Arable ; no crops - Final effluent (filtration), after 

passing through 3 lagoons (in 

re series). 

: 250 Three times 2°50 14 hours Arable ; no crops - Final effluent (filtration), after 
passing through 3 lagoons (in 
series). 

‘O51a es tte pee =e Brook water above effluent out- 
falls—brook in flood. 

‘251 Once 5°0 5 hours Osiers - - - Final effluent. 

‘ Three times 2°50 10 hours Arable ; no crops - Final filtration lagoon effluent (as 

Beth eo ; Nos. 248 and 250), red iron 
colour. 

252 Once “50 4 hours Ridged arable -  - | Final effluent, iron smell. 
O53 Once 5-0 11 hours Osiers - 2 E - | Final effluent, fairly clear. 

f "254 Once 4:0 4 hours Osiers - - - Final effluent, some red flocculent 

o suspended matter. 

7 255 Three times 2°50 1 day Arable ; no crops - - | Final effluent (filtration) after 
passing through 3 lagoons (in 
series). 

' 265 Once “83 1 day Arable ; no crops - Liquor (surface) from 1st lagoon. 

266 Twice 83 1 day Arable ; no crops - - | Liquor (surface) from 2nd lagoon. 

267 Three times 83 1 day Arable ; no crops - - | Liquor (filtration) from 3rd lagoon. 

2670 a ae S35 = Brook water taken 150 yards below 
last effluent outfall. Brook 
normal. ; 

274 Three times 4-50 1 day Arable ; no crops - - | Final filtration effluent from 
lagoons, deep yellow colour— 
iron film. 

2748 Re = pas wits Brook water above effluent out- 
falls, tan refuse coming down. 

( Q75 Three times 2°50 2 days Arable ; no crops - - | Surface effluent from last lagoon, 
cloudy turbid colour, sewage 
smell. 

276 Three tinien 2°50 2 days Arable ; no crops - - | Filtration effluent from lastlagoon, 
yellow colour. , 

276a . . = Brook water taken below effluent 


4 6225 (iii). 











outfalls. Water a dirty colour. 
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ALTRINCHAM SEWAGE FARM. 


Ye 


Domestic Sewage. 

















Number of Time of drawing Nature of sewage. REMARKS. 
sample. sample. © 
64 10.15a.m.- -  - | Settled sewage - - | From catchpit or cank—very dilute. 
75 11230 a. oe 55 » - + | From ecatchpit or tank—fairly strong. 
249 10.45... -" = s i eee - | From catchpit or tank—very dilute. 
264 12i(noon) = “fora; ra 5 aS - | From catchpit or tank—-fairly strong.. 











*CoMPARATIVE SAMPLES (or samples taken from the same plots of land). 


OO ee eS ee 














Lagoon effluents. Other effluents. REMARKS. 
+(65) (76) * By “comparative samples” is meant, samples. 
rawn from the same areas of land, and the efflu- 
+(69) (77) ents in brackets are comparable with each other so 
far as the areas of land sewaged is concerned. 
+ These samples were from the surface liquor of the 
lagoon. 
*(248) * These samples were from the effluent which filtered. 
to the drains underlying the three lagoons. 
*(250) 
| 
(251)b i 
* (255) 
*(267) 
* (274) 
*(274) 
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Addendum C. (continued.)—Mr. Kershaw’s abridged notes to accompany 
the bacteriological data.” 


ALTRINCHAM SEWAGE FARM. 
(Domestic Sewage.) 


ADDITIONAL NOTES ON SAMPLES, 





Sample No. 65.—The lagoon from which this sample was drawn had been in use (at the time of drawing the: 
sample) since April Ist, 1900. 


Sample No. 66.—This effluent appeared to contain a large amount of iron, and the beds of streams in the neigh- 
bourhood are covered with a deep reddish-yellow ochreous deposit. 


Sample No. 67.—This sample was drawn after the storm overflow had been running for 30 minutes. The brook 
into which the discharge took place was in a filthy condition owing to the paper and feces flowing into it. 
‘10-inch rainfall in about 3} hours on a saturated surface caused the overflow. 


Samples No. 68.—This sample was drawn after the overflow had been working for 1} hours. 


Samples No, 69 and 70.—The sewage from which these samples were produced was very dilute owing to the rain. 
fall the previous day. Sample No. 70 was from a plot which had been sewaged with lagoon liquor intermittently 
tor 7 days. The sewage was run on for about 12 hours, then a rest of 12 hours, before any further sewaging, 

Aain appears to wash out yellow coloring matter from the under-drains, 


Sample No. 71—Brook water taken 13 yards above first effluent outfall. The brook was in flood, and the 
water turbid, a slight greasy film on the surface of the water. 


Sample No. 72.—General effluent taken from both effluent outfalls. Volume of stream to effluent approxi- 
mately as 6 to 1, effluent discoloured, reddish matter in suspension. 


Sample No. 73.—Brook water and effluent taken 175 yards below last effluent outfall as the brook and effluent 
did not appear to mix thoroughly until that point was reached. There were large masses of sewage fungus dis-- 
coloured with iron growing in the bed and sides of the stream. 


Sample No. 76.—This effluent was from night sewage. The sewage takes a long time to pass through the- 
osier beds, as the roots consolidate the ground. 


Sample No. 77.—This sample was from the same sewage as No. 76, and also from the same plot previously 
sewaged, 7.e., the sewage in the grips between the osier beds had not yet all passed through to the under-drains. 


Sample No. 78.—Subsoil water drawn from a trench sunk 3 ft. 6 in. deep. The water percolated into the hole: 
through a stratum of very fine white sand, and was very milky in appearance. 


Sample No. 248.—Final lagoon effluent after passing through three lagoons and filtering through to the under- 
drains. Effluent had a sewage and iron smell. The lagoons (3 in series), had previously been treating sewage" 
intermittently for one month. The plot had been sewaged continuously for 18 hours before the sample was taken 


Sample No. 2514.—Brook water taken above effluent outfalls ; brook in flood owing to recent heavy rains. 


Sample No. 251.—Final effluent from osier beds ; these beds had been treated with crude sewage prior to pas»- 
ing through the settling tank. The beds had been sewaged intermittently throughout February (1901). 


Sample No. 252.—The land from which this effluent was taken had not been sewaged since February (1901) 
Sample No. 253.—This effluent was from settled sewage. 

Sample No. 254.—This effluent was from crude sewage. 

Sample No. 255.—Filtration efuent from lagoons. 


Sample No. 265.—This eflluent was taken from the surface of the first lagoon just before entering the second 
lagoon. 


Sample No. 266.—This effluent was drawn in a similar manner as No. 265, but from the second lagoon. 
Sample No. 267.—This effluent was a filtration one from the three lagoons. 

sample No. 2674.—Brook and effluent taken 150 yards below the last effluent outfall. 

Sample No. 2744.—Brook water above effluent outfalls ; some tan liquor was passing down the brook at the time. 


Sample No. 274.—Filtration effluent from lagoons. This sample and No. 267 was taken after some old land 
drains had been stopped. ‘There appeared previously to be a chance of the sewage having gained admission to- 
the effluent through these drains. 


Samplz No. 275.—Surface effluent taken from the third lagoon, in a similar manner to Nos. 265 and 268. 


Samyp'c No. 2764.—Brook water, a dirty colour, and a good deal of sewage weed in the bed and sides of tho. 
stream. 








* In a few instances samples referred to in this addendum are not accompanied by any bacteriological r2cords 
These samples were extra ones cellected by Mr. Kershaw for chemical analysis. 
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SECTION IIL. 


CAMBRIDGE SEWAGE FARM. 


1. Situation of farm.—On the Milton Road, about 3 miles from 
Cambridge. 


2. Total acreage of farm.—102°5 acres. 

3. Total irrigable area.—74 acres. 

4, Average area irrigated at one time.—18°5 acres 

5. Population draining to farm.-—50,000. 

6. Population per acre irrigated.—675. .« 

7. Gallons of sewage per head per day.—45. 

8. Dry-weather flow of sewage per 24 hours.—2,250,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre per 24 
hours.—121,600 = (=). 


10. Gallons of sewage treated per acre per 24 hours on the assumption 
that each acre of irrigable area is under sewage all the time (this for purposes 
of comparison) (=) = 30,400 gallons. 

11. Characters of the sewage.—Mainly domestic (some brewery refuse). 


12. Method of treatment.—Screening, settling tanks and land filtration, 


13. General characters of the soil and subsoil.—Sandy loam overlying 
gravel and sand. 


14. Separate or combined sewerage system.—Partially separate. 
15. The finai effluent is discharged into.—River Cam. 


16. Number of years farm in operation before 1900.—5 years (systematic 
working). 


a6 


A full description of Cambridge Sewage Farm will be found in 
Mr. Kershaw’s report. (Part IV. Engineering and Practical Report.) It is 
necessary, therefore merely to allude here very briefly to some of the more 
important points, namely, as follows :— 


The sewage is mainly domestic (some brewery refuse). The general characters of the soil and 
subsoil may be described as sandy loam overlying gravel and sand. The method of treatment is 
by screening, settling tanks, and land filtration. The sewerage system is partially separate. The 


storm overflows practically never come into operation ; but the storm water does not directly affect 
the farm since it is pumped on to coarse clinker beds and then discharged into theriver. Thesludge 
is disposed of on the farm. The entire farm is under-drained. Most of the land is uncropped. -Tte 
offluents discharge into the river Cam. A great deal of subsoil water finds its way into the sewers, 
but on the farm itself not much reaches the under-drains. Quoting from Mr. Kershaw’s report :— 
The total acreage of the farm is 102°5 acres. The area actually irrigated is 74 acres, exclusive 
of an additional filtration area now being prepared. The whole 74 acres sewaged are arable. This 
area (74 acres) takes (excluding the question of storm water) 24 million gallons during the 24 hours. 
With a population of 50,000 persons thas is equal to 675°67 persons per acre of irrigable area, or 
30,400 gallons per acre (at 45 gallons of sewage per head). Approximately one-fourth of the total 
irrigable area is irrigated at one tume, so that 121,600 gallons of sewage are treated per acre per 
‘24 hours.” 


The following is a summary of the several sections of the report so far as 
it relates to Cambridge sewage farm ;— 


1. Tabular statement and summary of the chief bacteriological results. 


2, Diagram 4 illustrating the results shown in Table 6 with comments 
thereon. 


3. Results considered in relation to Mr. Kershaw’s notes. 
4. Results in relation to tests other than B. enteritidis sporogenes. 


5. Results of the examination of additional samples of subsoil water 
and river water. 


6. General conclusions. 


Addendum A.—Comparative records as regards (1) the “gas” and (2) 
B. enteritidis sporogenes tests of samples obtained from Cambridge as well 
as other sewage farms. 


Addendum B.—Mr. Kershaw’s abridged notes to accompany bacteriologi- 
cal data. 


1. Tabular statement and summary of the chief bacteriological results. 


The following table (Table 6) shows as regards the total number of 
bacteria, B. ccli, and spores of B. enteriditis sporogenes, the results of 
the bacteriological examination of samples of sewage and effluent obtained 
from Cambridge Sewage Farm. | | 
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TaBLE 6.-—Showing, as regards the total number of bacteria, B. coli, and spores of B. 
enteritidis sporogenes, the results of the bacteriological examination of sewage and 


effluents obtained from Cambridge Sewage Farm. 





————___- 


Description of the Sample. 











201 Crude sewage - - 
~ 12.20 a.m., 8th January 1901. 


213 Settled sewage - 
11.15 a.m., 23rd January 


215 Settled sewage - 
11.15 a.m., 28th 


217 Settled sewage - wae 
2.30 p.m., 28th January 1901. 


203 Final effluent - : 
11.25 a.m., 9th January 1901. 


904 General effluent - s - 
12.15 p.m., 9th January 1901. 


205 General effluent - a 3 
11.45 a.m., 10th January 1901. 


207 General effluent - E 
11.30 a.m., 14th January 1901. 


208 General effluent - : . 
11.15 a.m., 15th January 1901. 


209 General effluent - 
11.40 a.m., 16th January 


210 Final effluent : 
12.30 p.m., 16th January 


211 Final effluent E a 
1.45 p.m., 21st January 1901. 


212 Final effluent = A : 
_ 4.45 p.m., 21st January 1901. 


214 General effluent - = 
1.15 p.m., 23rd January 1901 


216 Final effluent - 
12.50 p.m., 28th January 


218 Final effluent - - - 
e 4 p-m., 28th January 1901. 


220 General effluent - 
12.15 p.m., 4th February 


221 General effluent - 
11.30 a.m., 5th February 









































Total Number of bacteria | 
per c.c. | Number of 
Number of Spores of B. enteritidis 
; B. coli (or closely sporogenes (Klein’s “ enteritidis 
Gelatine at | Agarat allied forms) per c.c. change” in mnilk culture) 
20, Ce Se per ¢.c. 
ike 2. | Si 4. 5, 
| 
< | 7,600,900 1,490,000 | At least 10,000 - | +:01,--001 cc. At least 100 but 
less than 1,000. 
- - 24,200,000 | 1,060,000 | At least 100,000 - | - ditto - ditto. 
1901. | | | 
ie. 2,160,000 710,000 | - ditto -|- ditto ditto. 
January 1901. | 
14,000,000 3,150,000 | - ditto ditto ditto. 
Average - - - 11,990,000 1,602,500 | [Ratio of Cols. 2: 3=7°4:1] 
- 149,000 34,000 | At least 1,000 +']l,--Ole.c. Atleast 10 but less 
than 100. 
380,000 21,000 ditto -|- ditto - ditto. 
1,440,000 204,000 ditto - | +°01,-‘001 c.c Atleast 100 but 
than 1,000. 
2,050,000 94,000 | At least 10,000 +'1,-‘01. At least 10 but less 
than 100. 
1,200,000 225,000 At least 1,000 - ditto ditto, 
- - — 85,000 | - ditto - ditto - ditto. 
1901. 
ee 62,200 1,080 | Atleast100 - -|- — ditto ditto. 
1901. 
75,000 11,100 | At least 1,000 +1,-‘l ec. At least 1 bat less 
than 10. 
890,000 81,000 | Atleast 10,000 -| +°1,-"Olec. At least 10 but less 
than 100. 
- 1,640,000 146,000 1,000 not 10,000 ditto ditto. 
. : 34,000 3,600 | Less than 1,000 - ditto - ditte. 
1901. . 
77,000 9,800 | At least 1,000 -| +1,--‘l ce. At least 1 but les 
than 10. 
- - 1,070,000 158,000 1,000 not 10,000 - | +°1,-‘Olec. At least 19 ons ie. 
1901. than 100. 
- - 182,000 23,000 100 not 1,000 - - ditto - ditto. 
1901. = 
Average - - - 711,476 78,327 [Ratio Cols. 2:3= 9:1] 
[94% reduction] [95% reduction] 











Crude Sewage and Settled Sewage :— 


The samples presented the usual biological characters of sewage. Thus, the average results 
were as follows :—Total number of bacteria, over ten million (gelatine at 20° C.) and over one 





Brief Summary of the results shown in Table 6. 


million (agar at 37°C.) respectively per c.c. B. coli at least 100,000, and B. enteritidis sporogenes 


q at least 100 in 1 c.c. 
j Effluents :— 


Total number of bacteria (gelatine at 20° C.) per c.c. :—Five samples contained more than one 
million, but less than ten million. Four samples between 100,000 and one million. Four samrles 


P over 10,000, lut less than 100,000. [Provisional standard, less than 100,000 per c.c. | 


rae 


Total number of bacteria (agar at 37°C.) per c.c. —Four samples contained more than 100,090, 
but less than sne million. Seven samples between 10,000 and 100,000. Three samples over 


1,000 but less than 10,000. [Provisional standard, less than 10,000 per ¢.c. 
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coli (and closely allied forms) per ¢.c. :—Two samples contained at least 10,000. Nine samples, 
1 a feeb ates eae none in [asp ¢-c. Two samples, 100. [Provisional standard, less than 
1,000 per c.c.] haat Pred 
Spores of B. enteritidis sporogenes per c.c. :—One sample contained at least ut less than 
1 040. ae samples at least 10 but less than 100. Two samples at least 1 but less than 10. 
[Provisional standard, less than 10 per c.c. | 


2. Diagram 4, illustrating the results shown in Table 6, with comments thereon. 


The results are shown in graphic form in Diagram 4. _ £8 

By referring to Diagram 4, it will be seen that certain horizontal lines 
are drawn indicating provisional standards (non-drinking water streams). 

All samples according to these standards which did not fulfil the following 
requirements would be tentatively condemned :— | 


(1.) Total number of bacteria (gelatine at 20° C.)—less than 
100,000 «c=, | Sole gil ta nr 

(2.) Total number of bacteria (agar at 37° C.)}—less than|.. , 
10,000 = <0 i= | eset) ae 

(8.) B. coli—less than 1,00 - - - - - - 

(4.) B. enteritidis sporogenes—less than 10 - eee 


As regards (1) four out of 13 effluents proved satisfactory. 


re) 2) three ” 14 ” ” ” 
” 3) three ” te 9 ” ” 
9 (4) two ” 14 ” ” ” 


Although only about one in every four of the effluents passed the 
suggested standards, nearly all of them, when compared with the sewage 
before treatment, showed a high percentage purification. 


Thus, taking the B. enteritidis sporogenes results as a ready means of 
gauging the degree of biological purification effected, it is to be noted 
that while all the samples of sewage yielded a positive result with 
ria ¢.c., this was the case with only one sample of effluent. All the other 
effiuents either passed (two in number) or came within measurable distance 
of passing (eleven in number) the suggested standard (negative result 
jy ¢¢.). On the average, it may be-said that the percentage degree of 
purification was 90 per cent. 


3. Results considered in relation to Mr. Kershaw’s notes.t 


It appears from Mr. Kershaw’s notes that samples 203, 210, 211, 212, 
216, and 218 were comparative* samples and final effluents. It is worth 
noting that sample 210 yielded good results, although, it is seen from 
Mr. Kershaw’s notes, that the plot was, as the result of 10 days’ intermittent 
sewaging, covered with a surface layer of sludge. Possibly the satisfactory 
result is due to the fact that the presence of an upper layer of sludge checks 
the rate of filtration of the sewage through the soil. ‘The effluents varied 
a good deal in their biological composition, but were, on the average, better 
in quality than the general effluents 204, 205, 207, 208, 209, 214, 220, 221. 

The marked percentage degree of purification effected by the land treat- 
ment is well seen by comparing, in Diagram 4, sewage 213 with effluent 
214, sewage 215 with effluent 216, and sewage 217 with effluent 218. 
These samples being in each case what Mr. Kershaw terms corresponding 
samples, 7.e., effluents drawn at such time. after the sewage sample as to 
show, as far as possible, the degree of purification effected by the passage 
of the sewage through or over the land. 

Although Mr. Kershaw’s notes on the various effluents from the different 
sewage farms frequently throw much light on their observed biological 
characters, it sometimes happens, as might be anticipated, that his 
tentative anticipations run counter to the results obtained in the laboratory. 











i By comparative samples is meant samples drawn from the same areas of land, 
+ Addendum B, page 61. 


. ‘ 5% 42}|2 
UOPUOT OYQIT PY] WRYEID ¥ 421/9M TOE “NEE 





























SHR ep Gree ea bs os 
Raa Bee Nh a OS 
> & ww Ss YB > » & & 
SELLERS SFSSSS SS LES 
oo oe) 
2 - L > 
v9 22 
oL 
tL + 
Deyn o2 
oor re 00% + 
z z 
92 0004 
200% + ae eee 
LULUDS OATOLDAUMOD) = 3: 
@QLUDS Ot Sis SE) yaar A LETS | 
L 
ete Lae 2°90 
«a Quietag= 0b neo : 000 ‘004 
GUuaTY JO POULT — 9 J 5 
(000: 000 ‘000't 
«“ é = Ie 200 000 t + | 00 E+, 
4 . 6 ==} \. 
aes ei 
aqaiupe Gurpuodsat1oj = § 000'000 OL , =— TT 000 202 Ore 
L 
PUD Wo a 
ae HBO e 
000 ‘060 ‘ou mr 6c 000 oe ‘OOL 9 
L 
‘2°9 a0) FI OOO VOY SSeT * 
“ te we 66 a “he omy, ) | «¢ Ke Sie Si pete ee = souabo1ods spmansy ge | | 
(x0 290 : 
“e « 6c “ éé een ct we J) « ; ss ae a 299 °F oem 
(09 200 0L _) 
14 oe a4 oe - MUAPAMNOT «w & GotyZ, ) “ /- nae oor ——s eee = (Ore FP Lobo ) té “ é “ = 
07220 20t _ 
( peopums S2y7 passDd 972072) {JO UPOPLIY I fOTNO L207 ) poLopungs WousisaDgsd —~—-——=—— (2,08 7 BUNDLE) WIBIVG JO LIQUIMNLTPVOT, = 








‘autos abi0Mas ObpllguiD) WOLf W2UNAGO syUen}/ sf Jo ~% abomas 
ho SoZ cates Jo PIIEL EASIER LIES ELEN 2Yp JO SYNSAL Wy SeUuaho.lods SIPILLIUA °F 


ee a ee ne ee ee eee ae 


nek, 
« 
. 
‘ 
+2 


tae 


. ts 


§ 


aon 


< 


* 


Lape oreane <elion te ER in Cs Ga SE. cau eaee nile nl vel Pree een a 


- 








ES — —— LE OO CU 


EE ————— eee 


| 
; 





59 


Thus, from his notes sample 221 would be judged to be an exceptionally 
bad effluent, yet the bacteriological results showed it to be better than the 
average. 

It appears from Mr. Kershaw’s notes that the sewage is greatly diluted 
with subsoil water. This may possibly account for the fact that none of 
the sewage samples were found to contain more than 100 spores of B. 
enteritidis sporogenes per C¢.c. 

An important point to be considered in connection with Cambridge 
sewage farm is that, as Mr. Kershaw points out in his report, most of the 
land is uncropped, and therefore acts as a bacterial filter. 


4, Results considered in relation to tests other than B. enteritidis sporogenes. 


So far chief stress has been laid on the results obtained from the 
B. enteritidis sporogenes test. As regards other tests, it will be seen 
that the average total number of bacteria in the sewage and effluents was 
as follows :— . 

















Gelatine at 20° C. Agar at 37° C. Rati 
Microbes per c.c. Microbes fer c.c. heron 
Sewage - - 11,990,000 1,602,500 Carey 
Effluents - - | 711,476 (94 per cent. reduction) | 78,327 (95 per cent. reduction) Degee oL 





\ 


Without question, these results represent a high percentage degree of 
purification, but the actual number of bacteria remaining in the effluents 
is considerably in excess of the suggested standards, viz., less than 100,000 
(gelatine at 20° C.), and less than 10,000 (agar at 37° C.) bacteria 
per c.c. 

These results seem to show that the reduction in the number of bacteria 
capable of growing at blood heat (37° C.) was somewhat greater than the 
total number of microbes (gelatine at 20° C.). 

The B. coli results were fairly satisfactory, since no fewer than 12 out 
of 14 effluents either passed (8 in number) or came within measurable 
distance of passing (9 in number) the standard (negative result yoy, ¢.¢.). * 

In the Table and Diagram illustrating Appendix IIT. (page 196), the results 
as regards the “ gas” and B. enteritidis sporogenes tests are brought into 
comparison. Of 14 effluents no less than eight passed the former, but only 
two the latter test. As the sewage samples yielded with both these tests 
the same results (+ ‘O01, — ‘001 c.c.), it would seem that the gas-forming 
bacteria were removed or destroyed by the land treatment to a greater 
extent than the spores of B. enteritidis sporogenes. 


Indol test (indol in broth cultures, five days at 37° C.)— 





erica {Samples 213, 215, and 217 - : - + 00001 c.c. 
3 5 (Sample 201 - - - - - - + ‘0001 cc. 
fSamples 214 and 220 - - - - + ‘00001 c.c. 
Pacis _jSamples 204, 207, 208, 209, 211, 212, 
p .221° + - - - - - + 0001 ce. 
| Samples 203, 210, 216, 218 - - + ‘001 c.c. 


Judged by this test, the effluents were unsatisfactory. 


Streptococct.—Sample 221 was examined for the presence of streptococci. 
A streptococcus (streptococcus 18) was isolated from 3, ¢.c. (surface 
agar plate culture, 37°C.) of the sample. In broth it gave rise to diffuse 
cloudiness, and on microscopic examination was found to be a coccus 
forming chains, some short, others of medium length. 


5. Results of the bacteriological examination of additional samples of subsoil 
water and river water. 
The results of the examination of these samples is shown in Table 7. 
It will be noted that the sample of subsoil water (219) contained neither 
5B. coli nor spores of 6. enteritidis sporogenes in 1 c.c. The sample was 
6225 (iii.) H 2 
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drawn from a field in the neighbourhood of the farm, which was not in such 
a position as to be affected by the sewage farm. 

As regards samples 222 and 223, the former was drawn above the effluent. 
outfalls and the latter about 10 yards below the effluent outfall. The two 
samples did not, from the bacteriological point of view, differ from each 
other to any material extent. The river water above as well as below the 
effluent outfall was quite unfit for drinking purposes. 


Table 7 showing the results of the bacteriological examination of 
certain samples obtained from Cambridge sewage farm. 








—___—__sesesie 














Total Number of bacteria 
per c.c. Number of — 
: ] Number of Spores of B. enteritidis ee 
seripti f the Sample. B. coli. (or closely sporogenes (Klein’s ‘ enteritidis 
DEGp Eas : Gelatine at Agar at allied forms) per c¢.c. change ” in milk culture) 
20° C. | 37° C. per ¢,¢. 
1. 2, 3 4. 5. 
219* Subsoil water - em 4,300 230 | Noneinle.e. -leec. Negative 1 c.c. 
30th Jan. 1901. | [Indoltest. + 1,-‘le.e. ]} 
292* Cam river water above | 38,000 1,400 10 not 100 
oflaent outfall. 6th Feb. [Indol + °1,-01 ¢.¢e]) + 1l-‘lee. Atleast 1 but less. 
1901. | than 10. 
223* Cami river water + effluent. 27,000 1,800 | 10 not 100 - ditto - ditto. 
6th Feb. 1901. Taken 10 | (Indol +°01,—001 c.c.] 
vards below effluent out- | 
all. Volume of effluent to 
river about 1:15 normally. 




















* Samples 219, 222, 223, all yielded, as regards the “gas” test (“gas” in gelatine “shake” cultures in 24 hours at 
2u° C.), a negative result with 1 c.c. 


6. General Conclusions.§ , 


None of the effluents were in a fit state to be turned into a drinking-water 
stream. As regards non-drinking water rivers, the majority of the effluents 
failed to pass the suggested biological standards. But the percentage 
degree of purification effected in the effluents as compared with the crude 
sewage was striking; and as the majority of the effluents either passed or 
came within measurable distance of passing the standards laid down, there 
is no reason to doubt that land of the kind available at Cambridge could be 
worked so as uniformly to yield a satisfactory effluent. This would doubtless 
involve the acquisition of an additional area of land to treat the same 
volume of sewage ; but the additional amount of land required for this purpose 
would not in all probability be so great as not to compensate by the 
improved condition of the effluent for the additional outlay. The very 
variable quality of the effluents, some being very good, others bad, suggests 
the possibility, if not the practicability, of obtaining by some means 
uniformly good results. As it appears from Mr. Kershaw’s notes that the 
farm is very well managed, the acquisition of an additional area of land 
would seem to be the best solution of the problem, 

It must be borne in mind that, although the sewage was dilute, the volume 
of sewage treated per acre was exceptionally great. 


ADDENDUM A.—-Comparative records as regards (1) the “gas” test and 


(2) B. enteritidis sporogenes tests of samples obtained from Cambridge as well as 
other sewage farms. 


These results are shown in the Table and Diagram illustrating Appendix III. 
(page 196), and they include all the samples (from other sewage 
farms as well as Cambridge) which were examined by both of 
these tests. 194 samples are dealt with altogether, 18 of these 
being Cambridge samples. Of the 14. effluents no less than eight 
passed the “gas” test, but only two passed the B._ enteritidis 
sporogenes test. As the four samples of sewage examined yielded exactly 
similar results (+ 01 ; - 001c.c.) with both of these tests, it may be concluded 
that the land treatment had effected a proportionately greater removal or 


destruction of the gas-forming bacteria than of the spores of B. enteritidis 
sporogenes. fe 








§ For statistical information see tabular statement at the beginning of this report, Section III. 
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Addendum B.—Mr. Kershaw’s abridged notes to accompany the bacteriological 
data.* 


CAMBRIDGE SEWAGE FARM. 


ADDITIONAL NOTES ON DIFFERENT SAMPLES. 





Sample No. 201.—Screened sewage not having passed through the settling tank, ¢.e., only roughly screened 
at the pumping station before being pumped ; a weak sample, apparently containing a large quantity of subsoil 
water. 


Sample No. 202.—Corresponding final effluent to sewage No. 201; sample appeared very fairly clear, and had 
# very faint smell on shaking. 


Sample No. 203.—The final effluent was from the same plot as No. 202, and was from a very dilute sewage; 
the plot was covered with a sheet of ice. The sewage had been applied continuously for 28 hours. The sample 
was clear, and had a very slight smell. Heavy snow (-08 inch melted) fell during the day, diluting the sewage. 


Sample. No. 204.—General effluent, fairly clear, very slight smell, some suspended matter, probably effected 
vy the snow (‘08 inch) during the day. : 


Sample No. 205.—General effluent, as No. 204, but hardly so clear. 


Sample No. 205a.--River Cam water taken above the effluent outfall, river slightly above the normal height, 
a clear sample, river apparently in fair condition. 


Sample No. 205n.—Screened and settled sewage, very dilute, a large amount of grease coming down. 
Sample No. 205c.—Corresponding final effluent to No. 205s ; ice disappeared from plot irrigated. 


Sample No. 207.—General effluent, slight iron smell, some flocculent red matter (sewage weed disintegrated ?), 
probably washed from drains by increase of effluent following rainfall. 


Sample No. 208.—General effluent, slight iron smell on shaking. This is apparently a fair average sample of 
the general effluent for the time of year. 


Sample No. 209.—General effluent, some fragments of sewage weed, rather cloudy. Some of the plots becoming 
rather thickly coated with sludge on the surface. 


Sample No. 2094.—River water drawn above effluent outfall, river normal, a clear sample, and apparently 
well oxygenated. 


|| Sample No. 210.—Final effluent, clear, no smell, plot with an average coating of sludge § inch thick (after 
10 days intermittent sewaging). 


Sample No. 2104.—Final effluent, clear, no smell ; the sewage going on to the plot was much stronger than 
usual, and of a dark brown colour. 


Sample No. 211.—Final effluent drawn when the effluent was running freely away from the drains. 


Sample No. 212.—Final effluent, as above, but after being held in contact with the land for 2} hours. The 
sewage running on to the plot sewaged was, however, apparently stronger from 1 p.m. to 2 p.m. than from 
11 a.m. to 12.30 p.m. 


Sample No. 213.—Screened and settled sewage, dilute. 
Sample No. 214.—General effluent, suspended matter, very slight smell. 


Sample No. 2144——River water taken 100 yards below effluent outfall, river normal height, 6 c.c. oxygen in 
sample taken immediately below outfall ; 6°50 c.c. 90 yards further down stream. A fairly clear sample. 


Sample No. 2148.—General effluent, slightly cloudy, slight smell, some plots requiring a rest. 
Sample No. 215.—Screened and settled sewage, weak. 
Sample No. 216.—Final effluent, clear, no smell. 


Sample No. 217.—Screened and settled sewage (strong), taken later in the day than previous samples to show 
the hourly variations in strength. 


Sample No. 218.—Final effluent, clear, no smell, hardly any suspended matter. 


Sample No. 219.—Subsoil water taken from a land drain at the outcrop of the gault in the neighbourhood of 
the farm, but which was not in such a position as to be effected by the sewage farm: apparently pure, no. 
suspended matter, bright and sparkling. 


Sample No. 220.—General effluent, cloudy, slight smell. 


Sample No. 221.—General effluent, very cloudy, strong sewage smell, apparently worst effluent drawn from 
farm, snow (‘05 inch) stirred up silt from surface of plots at bottom of farm. ‘ 


Sample No. 222.—River water taken above effluent outfall, river normal, 7 ¢.c., by oxygen test. 


Sample No. 223.—River water and effluent taken 10 yards below effluent outfall, 5-50 ¢.c. by oxygen test. 





* In a few instances samples are referred to in this addendum concerning which there are no bacteriological 
records. These were extra samples, collected by Mr. Kershaw for chemical analysis. 


|| This coating of sludge seemingly acts as the “felt’‘ on the surface of a water filter. The sewage has a 
tendency to spread evenly over the surface of the plot, filtration apparently commencing when the head of 
water on the soil is sufficiently deep to overcome tho resistance of the sludge. From this it would appear that 
the whole of the plot does its work more equally than when this coating of sludge is absent. 


+ beh 8 


Domestic + Brewery (small amount) Sewage. 
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SEWAGE SAMPLES. 


LL aT LLL... io. 


Number 


of 
Sample. 


Nature of Sewage. 





201 


205B 


215 


217 


Screened sewage 5 


Screened andsettled 
sewage. 


Screened and settled 
sewage. 


Sereened and settled 
sewage. 


| Screened and settled 


sewage. 





Source. 


Very weak - 


» dilute - 


Fairly strong - 





Time 
taken. 


12.20 p.m. 


11.15 a.m. 


1151 D540: 


LAS ame 


2.30 p:m. 


REMARKS. 





”» 





after 


” 


”» 


”» 


Taken before passing through settling tank. 


” 


” 





* CoMPARATIVE SAMPLES or Samples taken from the same plots of land. 


en an IEEE GT Ai TT Lan Litt kl flair oom on oe noo 


Number of Samples. 


No. 202 
» 203 
» 205¢ 
» 210 
» 2il 
» 212 
» 216 

218 


REMARKS. 


: - | * By comparative samples is meant samples drawn 





from the same areas of land, and the effluents in 
brackets are comparable with each other so far as 
the area of land is concerned. 
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CAMBRIDGE SEWAGE FARM. 









































EFFLUENTS. 
| 
Number Number Area of piot Period sewaged Nature of © 
of of times or plots previously to crops grown | REMARKS. 
Sample. treated. sewaged, drawing sample. on plots. | 
: * 
Awe Re P. Hours. 
202 Once *4 3 22 4} None _|*This plot was last sew- 
aged on 2nd January 
1901; ‘“‘4” sludge on 
surface of plot. 
203 .5 4 3 22 26 rs 
204 5 About 20 aeres Various periods >, General effluent. 
205 99 ” ” >P) 2 ” ” ” 2? 
205e 4 4 3 2 oA - 
207 rd — Various periods * General effluent. 
208 ry =T¥ ” ” ” ) » 
209 ” ae ” ” ” 2” 23 
| 
210 Be £3 "22 3h 
210a : Aas 3 200. é 
211 : 4 3 22 43 k. 
212 “3 4 3°22 Ge %» 
214 . —- Various periods - General effluent. 
214b ” or ” ” ” ” ? 
216 a 4 3 22 4 mt 
218 F 4 3 22 7 ” 
220 Ae = Various periods x4 General effluent. 
221 ” mee ” ” » oe ” 
*CORRESPONDING EFFLUENTS. 
NUMBER OF SAMPLES. REMARKS. 
Samples Nos. 201 and 202 *7.e., Effluents corresponding to screened or settled 
sewage in eacn case ; that is to say, that the effluent 
205b and 205c¢ is taken some time after the sewage sample to shew, 
as far as possible, the degree of purification effected. 
215 and 216 on that particular sewage. 


213 and 214 
217 and 218 
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SECTION IV. 


CROYDON (Beddington) SEWAGE FARM. 








_ Situation of farm.—Beddington, about 3 miles from Croydon. 
2. Total acreage of farm.—673°5. 

3. Total irrigable area.—420 acres. 

4, Average area irrigated at one time.—70 acres. 

5. Population draining to farm.—100,000. 

6. Population per acre irrigated.—238. 

7. Gallons of sewage per head per day.—40 gallons. 

8. Dry-weather flow of sewage per 24 hours.—4,000,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre per 24 
hours.—57,100 = (“00). 


10. Gallons of sewage treated per acre per 24 hours, on the assumption 


that each acre of irrigable area is under sewage all the time. (This for 
purposes of comparison) (“32”) = 9,500 gallons. 


420 
11. Characters of the sewage.—Almost purely domestic. 
12. Method of treatment.—(a) Croydon : screening, surface irrigation, and 
a little filtration. (b) Norbury: as above, but slight settlement in tanks in 
addition. 


13. General characters of the soil and subsoil.—Gravelly loam overlying 
gravel and sand. 


14. Separate or combined sewerage system.—Partially separate. 
15. The final effluent is discharged into.—River Wandle. 


16. Number of years farm in operation before 1900.—-39 years. 


6225 (iii. ) 12 
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A full description of Croydon (Beddington) sewage farm will be found in 
Mr. Kershaw’s report (Part IV. Engineering and Practical). It is therefore 
necessary merely here to allude very briefly to some of the more important 
points mentioned in his report, namely, as follows :— 


The soil may be described as a gravelly loam overlying gravel and sand. The sewage is almost 
purely domestic. The amount of subsoil water gaining access to the sewers is not great, and there 
is not much subsoil water onthefarm. Mr. Kershaw rightly lays great stress on the fact that there 
are no storm overflows and the whole of the storm water is treated on the farm. In heavy storms, 
the sewage flow at the farm sometimes reaches 44 times the normal dry weather flow. About 
half the area sewered is on the separate system. ‘The sludge is ploughed into the land. Speaking 
in general terms, the method of treatment may be described as screening ,surface irrigation, and a 
little filtration. ‘The sewage is passed over the land three or four times. Only about one-fourth 
part of the irrigable area is under-drained. The effluents are discharged into the river Wandle; 
the ratio of effluent to river water is about 1 to 8. Mangolds, cabbages, and oats are grown on the 
farm, but the staple crop is rye-grass. The gross area of the farm is 673°5 acres, the irrigable 
area 420 acres. The irrigable ‘area (eacluding the storm water) deals with four million gallons 
of sewage per 24 hours throughout the year. With a population of 100,000 this gives 238 persons 
per acre of irrigable area, or about 9,520 gallons per acre. during a normal sewage flow. As about 
one-sixth of this irrigable area is under sewage at once, thas ts equal to 57,100 gallons of sewage 
treated per acre per 24 hours.” 


The following is a summary of the several sections of the Report in so far 
as it relates to Beddington sewage farm :— 


1. Tabular statement, and summary of the chief bacteriological 
results. 


2, Diagram 5 illustrating the results shown in Table 8 with 
comments thereon. 


2 Results considered in relation to Mr. Kershaw’s notes. 


4. Results considered in relation to tests other than the B. enteritidis: 


sporogenes test. 


5. Results of the bacteriological examination of additional samples of 


river water and mixed river water and effluent. 
6. General conclusions. 


Addendum A.—Results of the examination by means of simple tests of 
samples obtained from Beddington sewage farm (special comparative series 
of experiments). 


Addendun: B.—Comparative records as regards (1) the “gas” and (2) 
B. enteritidis sporogenes tests of samples obtained from Beddington, as well 
as other sewage farms. aed 


Addendum C.—Additional bacteriological notes. 


‘data. 


1. Tabular statement, and summary of the chief bacterioloyical results. 


Addendum D.—Mr. Kershaw’s abridged notes to company bacteriological 


a 


\ 

‘ 
° 
# 


“ 
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The following table (Table 8) shows as regards the total number of q 


bacteria, B. coli and spores of B. enteritidis sporgenes, the results of the 


bacteriological examination of six samples of sewage, and twenty-two 
samples of effluents. 


A, 
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TABLE 8.—Showing as regards the total number of bacteria, B. coli, and spores of B. 
enteritidis sporogenes, the results of the bacteriological examination of sewage 


and effluents obtained from Beddington sewage farm. 





Description of the Sample. 


Total number of bacteria 


per ¢.c. 





and second field and experimental 


effluents. 


Averages, exclusive of the first 
and second field end experimental 
effluents. 








1,413,200 








Gelatine at Agar at 
20° C. 37° C. 
1. 2. 3. 
36 Screened sewage - 23,900,000 2,970,000 
12.15 p.m., 12th Feb. 1900. 
40 Screened sewage - 22,200,000 4,020,000 
11.45 a.m, sth Feb, 1900. 
149 Screened and settled 30,400,000 7,240,000 
sewaye. 11.45 a.m., 3rd 
Oct. 1900. 
152 Screened and settled 39,000,000 10,560,000 
sewage. lla.m,, 8th Oct. 
1900. 
158 Screened sewage - - - 44,400,000 4,840,000 
12 noon, 17th Oct. 1900. 
161 Screened sewage - 14,100,000 2,260,000. 
12.15 p.m., 24th Oct. “1900. 
Averages = = Sin 29,000,000 5,315,000 
37 First field effluent —- 10,200,000 1,210,000 
. 2.45 p.m., 12th Feb. 1900. 
.38 Second field effluent - 4,800,000 190,000 
4.30 p.m., 12th Feb. 1900. 
39 Final effluent - 3,100,000 60,000 
5.15 p.m., 12th Feb. 1900. 
-41 First field effluent - 19,300,000 390,000 
1.15 p.m., 20th Feb. 1900. 
42 Second field effluent - 610,000 7,900 
2.50 p.m., 20th Feb. 1900. 
43 Finaleffluent — - - 51,000 900 
¢ 4p.m., 20th Feb. 1900. 
44 General effluent - : 169,000 7,400 
4.35 p.m., 26th Feb. 1900. 
150 First field effluent - - 9,520,000 2,752,000 
2 p.m., 3rd Oct. 1900. 
151 Finaleffluent — - 5,920,000 496,000 
3.30 p.m., 3rd Oct. 1900. 
153 Final effluent — - 133,000 8,600 
2.30 p.m., 8th Oct. 1900. 
154 Final effluent —- - 106,000 3,200 
2p.m., 9th Oct. 1900. 
155 Final effluent — - 90,000 7,700 
1.45 p.m., 10th Oct. 1900. 
‘156 ~=s- Final effluent 2 440,000 101,000 
2.45 p.m., 15th Oct. 1900. 
157 Final effluent — - 43,000 1,600 
12.45 p.m., 16th Oct. 1900. 
159 Final effluent - 4,080,000 436,000 
5 p.m., 17th Oct. 1900. 
162 First effluent, experiment - 1,060,000 294,000 
2.30 p.m. 24th Oct. 1900. 
164 Final effluent, experiment - 17,200 5,000 
12,45 p.m., 24th Oct. 1900. 
164B First effluent, experiment 1,400,000 428,000 
12.45 p.m. , 3st Oct. 1900. 
165 Final efiinent, experiment - 210,000 45,000 
1 p.m. , Blst Oct. 1900. 
166 Final effluent, experiment - 1,680,000 216,000 
12.40 p.m., 2nd Nov. 1900. 
169 Final effluent, experiment - 116,000 10,900 
__ 12.40 p.m. , 6th Noy. 1900. 
172 Final effluent, experiment - 2,350,000 404,000 
3.15 p.m., 9th Nov. 1900. 
Averages, inclusive of the first 2,972,509 321,600 


[89% ovis ae reduction] 


112,240 


[95% reduction ]|[97% reduction] 


Number of 


B. coli (or closely- 


Number of 
Spores of B. enteritidis 
sporogenes (Klein's “ enteritidis 








change” in milk cultures) 
allied forms) per ¢.c. per c.c. 
4, i, 
- | +°01,-‘00lc.c. At least 100 but 


« ditto 
- ditto 


- ditto 


- ditto 
< ditto 


—EEe 








At least. 100,000 


At least 100,000 


[Ratio of cols, 2: 3= 


10,000 not 100,000 - 


At least 1,000 


10,000 not 100,000 
1,000 not 10,000 


100 not 1,000 - 


1,000 not 10,000 
10,000 not 100,000 


- ditto 


100 not 1,000 - 


At least 100 - 


- ditto 


10,000 not 100,000 


10 not 100 


10,000 not 100,000 
At least 10,000 


At least 100 - 


At least 10,000 


At least 100 - 


At least 1,000 


At least 100 - 


1,000 not 10,000 


—$——— ee. 


1 BCS 





} = 


less than 1,000. 
+001, -— 0001 c.c. 
but less than 10,000. 


- ditto - ditto. 
ditto - ditto. 
+001 c.c. At least 1,000. 


+001, — 0001 c.c. 
but less than 10,000. 


6:4: 1.] 





+001 c.c. - At least 1,000. 
+°01,--00l ¢.c. At least 100 
but less than 1,000. 
+"1—-01 e¢.e. "At least 10 
Pre less than 100. 
701,-°001 e.c At least 100 
aie less than 1,000. 
+'‘1— Ol ce. ‘At least 10 
but less than 100. 


+1,-‘l «ae. At least 1 but 
less than 10. 
+°01,—-00l ¢c.c. At least 100 


but less than 1 ,000. 


- ditto - ditto 

+'1,-"91 c.c. At least 10 

but less than 100. 

+:01,--00l¢.c. At least 100 
but less than 1,000. 


-~‘lec. None in Gece 





[Ratio of cols. 2 to 3=9°2: 1.] 








[Ratio of cols. 2 to 3=12 : 1.] 


‘0061 ree ae 981 


“006T 1040990 “4ISTA pug 


At least 1,000 


At least 1,000 


ee, 


+1,-‘l ee. At least 1 but 
less than 10. 
+'1--01 cc. At least 10 
but less than 100. 
+1,-‘lee. At least 1 but 
less than 10. 
- ditto - ditto, 
+1,-‘01 «ec. At. least 10, ue 
but less than 100, | 
None in 1 ¢.e. gs 
EE 
jtik whi ce. At. least 10] 8< 
but less than 100. g 9 
None in 1 e.e. ss 
al 
+1,-—"1 ee. At least 1 but! Say 
less than 10. = ‘2 
- ditto - ditto. 8 q 
+:01,~*00le.c, At least 100)” 3 
but less than 1,000. Lid SO 


eee : 
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The following is a brief summary of the results shown in Table 8 :— 


Sewages :— ‘i é ‘ 
The total number of bacteria in gelatine at 20°C., and agar at 37°C. was on the average over ten 


million but less than one hundred million, and over one million but less than ten million respectively 
per c.c. 

The number of B. coli was, in each instance, at least 100,000 per c.c. The number of spores 
of B. enteritidis sporogenes varied from 100 to 1,000 (usually 1,000) in 1 e.e. 
Effluents :— ae te 

The effluents varied greatly in their biological composition. 

Total number of bacteria (gelatine at 20°C.) in 1 ¢.c. :—In two samples the number was over 
ten million. In nine samples over one but less than ten million. In seven samples between 
100,000 and one million. In four samples more than 10,000 but less than 100,000. [Pro- 
visional standard, less than 100,000 per c.c. ] 


Total number of bacteria (agar at 37°C.) in 1 ¢.c. In two samples the number was over one 
million but less than ten million. In nine samples over 100,000 but less than one million. In 
three samples between 10,000 and 100,000. In seven samples between 1,000 and 10,000. In 
one sample over 100 but less than 1,000. [Provisional standard, less than 10,000 per c.c.] 


Number of B. coli per c.c.:—In one sample the number was at least 100,000. In eight. 
samples, at least 10,000. In five samples at least 1,000. In seven 100. In one 10. [Provi- 
sional standard, less than 1,000 per c.c. | 


Spores of B. enteritidis sporogenes :—In one sample the number was at least 1,000. In six 
samples at least 100. In six samples at least 10. In six samples at least 1. In one sample less 
than 10. In two samples none in 1 c.c. [Provisional standard, less than 10 per c.c.] 


2. Diagram 5 illustrating the results shown in Table 8, with 
comments thereon. 


The results are shown in graphic formin Diagram 5. By referring to the 
Diagram 5 it will be seen that certain horizontal lines are drawn indicating 
provisional standards (non-drinking water streams). 


All samples which, according to these standards, did not fulfil the following 
requirements would be tentatively condemned :— : 


1. Total number of bacteria (gelatine at 20° C.) Less than 100,000 


2: Total number of bacteria (agar at 37°C.) Less than 10,000 -| per 
3. B. coli. Less than 1,000 : : : ete 2 ra. Ce 
4. B. enteritidis sporogenes. Less than 10 - - - Sale 
As regards (1) four out of 22 effluents - ; - “| 
jie jn t (2). igh toiling rc : : E sf bashes the 
yoo fd (8) eighty -oiids) 1 re 
; es _ standards. 
” ” (4) nine ” ” ie 7d x 7) 


Judged by these standards the majority of the effluents proved unsatis- 
factory; but it is worth noting that a considerable proportion of these 
effluents came within measurable distance of passing the arbitrary standards 
provisionally adopted, and some of the samples were undeniably satisfactory. 

This, as regards tests (1) (2) (3) (4), if the standard be lowered to less than 

1 million, less than 100,000; less than 10,000, less than 100 respectively 
per c.c., then (preserving the same order), 7, 3, 5, and six additional samples 
would prove satisfactory. : 


In the above summary the experimental and first and second field effluents 
are included. If these be excluded, then— 


As regards (1), three out of 10 effluents 


ae: 

€ (2), six ” ay ” Facee ” the standards set 
” (3), five bmi hae up for these tests. 

3) (4), five 3 tL 


9 


The results, as a whole, do not seem to show the impossibility of 


working land of the kind found at Beddington so as uniformly to yield 
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an effluent which could pass the standards provisionally suggested by me. 
But it is evident that to ensure this result an increased area of land would 
be required. 


3. Ltesults considered in relation to Mr. Kershaw’s Notes. (See Addendum D., 
page 79.) 


Taking the B. enteritidis sporogenes test as a guide to the degree of 
purification effected by the land treatment, and dealing with the non-experi- 
mental effluents, it is to be noted that samples 43, 154, 155, 157, and 159 
were undoubtedly good effluents. Of these Mr. Kershaw notes that 
sample 43 was a third field effluent, but it possessed a very slight 
sewage smell. 154, 155, 157, and 159 were also “third field or final 
effluents”: the first two had a very faint sewage smell, but the two latter 
were free from any objectionable odour, and were classed as clear effluents. 
‘Taking the view that 100 or more spores of B. enteritidis sporogenes signifies 
.a bad effluent, then samples 37, 38, 41, 44, 150, and 153 come under this 
category. Samples 37, 41 and 150 were “ first field” effluents ; samples 38 
and 153 were ‘‘ second field” effluents, and 44 was a general effluent. Most 
of them, according to Mr. Kershaw’s notes, had a cloudy appearance and 
a sewage smell, and he further adds that samples 37 and 38 (also 39) were 
affected by snow and frost. As regards the nine final effluents (39, 43, 151, 
153, 154, 155, 156, 157, and 159), five (about one-half) passed the 
“enteritidis ” standard, and three additional samples were, on the basis of 
this test, fairly satisfactory. 

As regards the experimental filtration effluents (162, 164, 164b, 165, 166, 169, 
172), judged by the B. enteritidis sporogenes test, two were very good (164 
and 165); two satisfactory (166 and 169) ; two fairly satisfactory (162 and 164b), 
and the remaining one (172) impure. This last sample was collected, according 
to Mr. Kershaw’s notes, during the period when the flow of sewage was greatly 
increased. If sample 161, collected at this period, be taken as representing 
a fair sample of the kind of sewage applied to the land during the experiment 
(it contained 1,000 spores per c.c. of B. enteritidis sporogenes), the reduction 
in the number of spores effected by the experimental filtration treatment is 
worth noting. Thus, two samples (164, 165 final effluents) contained no 
spores of this anderobe in 1 ¢.c.; two (166, 169 final experimental effluents) 
at least 1 but less than #); two (i62, 164b Ist field effluents) at least 10 
but less than 100, and one effluent (172 final experimental effluent) at least 
100 but less than 1,000 per c.c. This last sample was collected during the 
period when the land was being purposely over sewaged. The description 
of the experiment will be found in Mr. Kershaw’s notes (Addendum D.), and 
it does not seem necessary here to repeat his summary of the facts. 

Experiments of this kind present great practical difficulties, and it 1s 
impossible, unless they are carried out during a prolonged period, to draw, 
from a bacteriological point of view, from them any couclusion of real value. 
‘The onlv interpretation that can safely be put on the bacteriological results 
is that land of the kind available at Beddington can purify, to a reasonable 
extent, relatively large volumes of sewage. 


4. Results considered in relation to tests other than the B. enteritidis 
sporogenes test. 


So far the results have been chiefly considered as regards B. enteritidis 
‘sporogenes. With regard to the other tests, the following notes are of 
interest :— 

| Total Number of Bacteria, per c.c. 














aa Gelatine at 20°C. | Agar at 37°C. Ratio. 

Sewage - - - - - - - 29,000,000 5,315,000 5'4:31 

Effluents (inclusive of the experimental 2,972,509 321,600 9:2:1 
and first and second field effluents). [89% reduction.] | [93% reduction. ] 

Effluents (exclusive of the experimental 1,413,200 112,240 ape | 
and first and second field effluents). [95% reduction.] | [97% reduction. ] 





ee 
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The actual number of microbes remaining in the effluents is too great to 
allow of too much stress being laid on the marked percentage purification, in the 
effluents, effected by the land treatment. But the alteration in the ratio (from 
5-4:1 to 9:2:1) of (a) total microbes (gelatine at 20°C.) to (6) bacteria 
growing at blood-heat (agar at 37°C.) should probably be regarded as a 
satisfactory feature of the bacteriological analyses. The averages, however, 
are far in excess of the standards suggested, viz., less than 100,000 (gelatine 
at 20°C.), and less than 10,000 (agar at 37° C.) microbes per c.c. 

The B. coli results were not of a discouraging nature, since, although the 
as regards sewage contained at least 100,000 B. coli perc.c., eight out of the 
22 effluents contained less than 1,000, and five additional samples less than 
10,000. Moreover, if the first and second field and the experimental 
effluents be excluded, one-half of the effluents proved satisfactory. 


In the table and diagram illustrating Appendix ITI. (page 196), the results. 
as regards the “gas” and B. enteritidis sporogenes tests of the examination 
of effluents from various sewage farms are brought into comparison. Of 10 
samples obtained from Beddington sewage farm, four for each test respectively 
passed the standard suggested, viz., gave a negative result, with +, c.c. 


In Addendum A are given the results of the examination by means of 


simple tests of samples obtained from Beddington sewage farm. ‘They will 
be dealt with in another section of the report. . 


As regards the indol test (indol in broth cultures, five days’ at 379 C.), the: 
following results were obtained :— 
Sevure fSample 36 + ‘0001 c.c, 
8 \ Samples 40, 149, 152, 158, 161 + -00001 c.c. 


Samples 37, 150, 164 b. + -00001 c.c. 
| 38, 39, 41, 162, 166, 172 + -0001 ¢,e. 
Effluents oe 42, 44, 151, 153, 156, 159, 165, 169 + -001 c.e. 
A 43, 154, 164 + ‘Ol c.e. 
155, 157 + ‘1 ¢.c¢. 


It is to be noted that only five out the 22 effluents passed the standard. 
suggested, as regards this test, namely, a negative result with -001 cc. 
Excluding, however, the experimental and first and second field effluents, 


4 out of 10 effluents were satisfactory, and 9 out of 10 effluents either 


“passed” or came within reasonable distance of passing the above: 
standard. 


| 5. Results of the bacteriological examination of additional samples of river’ 
water and mixed river water and effluent. 


The results of these examinations of the samples are shown in Table 9. 


TasLe 9.—Showing the results of the bacteriological examination of samples. 


of river water and effluent obtained from Beddington sewage farm. 





Total number 





f bacteri ec, Number of 
cant Aaaie cae Number of Spores of B. enteritidis 
Description of the Sample. B. coli (or closely sporogenes (Klein’s 
Helatine Agan allied forms) per.c.c. “enteritidis change ” in 


; at 20° ¢. | at 37° C. milk cultures) per c.e. 














44 General effluent - - 2 169 000 7,400 1,000 not 10,000 +°O1- ‘00le.c. At least. — 
26th Feb. 1900. {Indol + ‘001 e.ce.] 100 but less than 1,000. 

45 River water (Wandle) above 72,000 2,680 10 not 160 | +10¢¢. -le.e. None in 
(340 yards) effluent outfalls. [Inadoi 4 +i c.e.] lee 
26th Nov. 1900. 

46 River water + effluent. 26th 500,000 10,900 1,000 not 10,000 ' + *]-—-‘Ole.c. At least. 





Feb. 1900. 130 yards below [Indol + -001 c.c.] 10 but less than 100. 
44, Ratio of eflluent to 
river water about 1] : 12, t 


47 Same lower down, 26th Feb. 420,000 11,200 jIndol + ‘01 c.c.] 1, but less than 10. 
1900. 230 yards below 46. 

















es ee ae ee ae 


100 not 1,000 t+tlec.-‘lee At least - 
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It is to be noted that the river water, 130 (sample 46) and 360 (sample 47) 
yards below the effluent outfalls, contained not only more bacteria than the 
river above the outfalls (sample 45), but more also than the general effluent 
(sample 44) previous to its admixture with river water. As regards both 
B. coli and the indol test, the results were the same as regards samples 44 
(effluent alone) and 46 (mixed river water and effluent). But sample 47 
(mixed river water and effluent, lower down) showed a tenfold decrease. 
Sample 45 (river water above effluent outfalls) contained one-tenth of the 
number of B. coli and indol producing bacteria present in sample 47. The 
river water above the outfalls (45) contained no spores of B. enteritidis - 
sporogenes in l«c. The effluent (44), the mixed river water and effluent 
(45), and the same lower down (47) contained respectively, per c.c., 100, 10, 
and 1 spores of this anderobe. 


In general terms, it may be said that the results seem to point to a 
considerable multiplication of bacteria in the river water as the result of the 
effluent discharging into it. The number of B. coli (relative to the dilution) 
would also appear to have increased at first, and 360 yards below the 
outfalls in relation to the dilution the numbers were not diminished. 


B. enteritidis sporogenes in relation to the dilution was reduced in 
numbers in sample 47, but not in sample 45. Too much stress, from the 
bacteriological point of view, must, however, not be laid on these isolated 
observations. The river Wandle was, of course, not fit for drinking purposes 
above the effluent outfalls (sample 45), and 360 yards below the effluent 
outfalls it became roughly 10 times more impure. 


§. General Conclusions.* 


Considered from the bacteriological point of view, none of the effluents 
were in a fit state to be turned into a drinking-water stream. The majority 
of the effluents, if the first and second field and experimental effluents be 
included, failed to pass the provisional standards suggested for effluents 
which are to be turned into non-drinking water streams. Excluding the 
above-mentioned effluents, about half tbe effluents were satisfactory. The 
average results were by no means so unsatisfactory as to indicate the 
impracticability of working land of the kind available at Beddington, so as 
uniformly to yield a reasonably good effluent. The fact that some of the 
effluents yielded such good results leads to the belief that, dealing with the 
same volume of sewage, the acquisition of a somewhat larger area of land 
might result in the production of effluents of a uniformly satisfactory 
character. Possibly, if the farm, instead of dealing with the total bulk of 
storm water, dealt only with the same proportion of storm water relative 
to dry-weather flow as is dealt with on many sewage farms, the results would 
be much more satisfactory. 


It ought to be remembered that a large access of storm water not only 
at the time of its introduction affects injuriously the working of a sewage 
farm, but may also so disturb the equilibrium of the biological conditions, 
which make for purification of the sewage, as to exercise a more lasting 
prejudicial effect. 


Addendum A.— Results of the examination by means of simple tests of samples 


obtained from Beddington sewage farm. (Special Comparative Series of 
_Eaperiments.) 


Five samples of sewage and 15 samples of effluent were examined by (1) 


the “gas” test, (2) B. enteritidis sporogenes, and (3) neutral red-broth 
tests. . 


The results are shown in Table 10 and Diagram 6. 








” For statistical information, see tabular statement at the beginning of this report, Section LV. 
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As regards (1), only one sample of effluent ‘“ passed,” but no less than 
11 additional samples came within measurable distance of passing the 
standard suggested. As regards (2), only two samples of effluent ‘“ passed,” 
but no less than 12 additional samples came within measurable distance 
of passing the standard suggested. As regards (3), four samples ‘“ passed,” 
and five additional samples came near passing the standard suggested. 

The results are not altogether satisfactory ; but it is to be noted that 
the majority of these effluents either passed, or nearly passed, the standards 
laid down for the respective tests ; so that it cannot with justice be said that 
land of the kind available at Beddington could not possibly be worked so 
as uniformly to yield an effluent which would pass reasonable biological 
standards. | 

From Mr. Kershaw’s notes, it appears that samples 369, 376, 380, 384, and 
386 were general effluents, and samples 370, 371, 374, 375, 378, 379 382, 
383, 387, 388, final effluents. Further, samples (882 and 387), (383 and 
388), and (374, 378, and 379) were comparative (7.e., drawn from the same 
areas of land respectively). 


Addendum B.—Comparative records as regards (a) the “gas” test and (b) 
B. enteritidis sporogenes tests of samples obtained from Beddington as well 
as other sewage farms. 


These results are shown in the Table and Diagram illustrating Appendix IIT. 
(page 196), and they include all the samples (from other sewage farms as 
well as Beddington) which were examined by both of these tests. These 
records are additional to the special series already described in Addendum A, 
and they deal with 194 samples, 13 of which were obtained from Beddington 
sewage farm. Four out of 10 (8, excluding Ist and 2nd field effluents) 
effluents passed respectively each of these tests. 


Addendum C.—Addttional bacteriological notes. 
Streptococet :— 


Streptococcus 14 (see Plate II., Fig. 3) was isolated from yoy ¢.c. of effluent 
150. (Surface agar plate cultures at 37° C.). Microscopic examination 
revealed chains of medium length, and the organism stained well by Gram’s. 
method. In agar plate cultures the colonies were minute, slow growing, 
and transparent looking. In broth cultures, there was some diffuse- 
cloudiness developed, and on gently shaking the tube, stringy growths were 
seen floating throughout the medium. In litmus milk cultures, there was 
acid formation but no clotting. The streptococcus was non-pathogenic to . 
mice. 

An unsuccessful attempt was made to isolate streptococci from ‘01 c.c. 
(surface agar plate cultures at 37° C.) of effluent 47 (mixed river water and 
effluent, 360 yards below effluent outfalls). But from -01 cc. of effluent 46 
(mixed river water and effluent, 150 yards below effluent outfalls), a microbe 
(Microbe 12), was isolated which was initially thought to be a streptococcus, . 
although eventually it was classed as a (?) staphylococcus. The following is: 
a brief description of this microbe -— 


Microbe 12.—Isolated from ‘01 c.c. of effluent 46 (surface agar plate 
cultures at 37° C.). 


Morphology.—Cocci arranged chiefly in masses, but difficult to say whether 
or not the masses were composed of short chains of cocci. 


Gelatine streak cultures (20° C.).—Appearance on the whole characteristic 
of a streptococcus, the colonies being fairly small and transparent looking. 
Later, the colonies became somewhat more opaque and acquired (?) a faintly 
- yellowish tint. No liquefaction occurred within one month 


Broth cultures (37° C.). Nearly transparent but slightly granular cloudiness 
developed. At the foot of the tube, a white deposit of a decidedly granular 
character collected. 


6225 (iii } K 2 


76 


Litmus milk cultures (37° C.).—Practically no visible change apparent even 
after 10 days’ incubation. 

An unsuccessful attempt was made to isolate streptococci from yo'gq ©.¢. 
of effluent 151 (surface agar plate cultures). Both in this sample and 
also in sample 150, while searching for streptococci, vibrios were isolated. 
These vibrios all seemed to belong to the same species : they were stained 
with difficulty, gave no indol in broth cultures, produced alkali im milk 
cultures, and did not liquefy gelatine. 


‘No streptococci could be found in ‘0001 or ‘001 c.c. of effluent 154. 


Aw 


Animal experiments :—-Two guinea-pigs were inoculated subcutaneously, 
the one with 1 ¢.c. and the other with 4 c.c. of final effluent 154. They were 
hardly, if at all affected by the inoculation, and both recovered completely. 


From 1 cc. of sample 46 (mixed river water and effluent) a microbe 
indistinguishable from B. pyocyaneus was isolated; 1 ¢.c. of a broth culture 
injected subcutaneously into a guinea-pig produced a big swelling. ‘The 
animal died, but not until the fifth day ; this seems to show that the strain 
was not very virulent, as B. pyocyaneus thus injected usually kills a guinea- 
pig in from 24—48 hours. 


From ;; cc. sample 47 (mixed river water and effluent), a microbe 
(? B. putidus) was isolated. This microbe did not liquefy gelatine ; it grew 
luxuriantly at blood heat on agar, and produced at this temperature well 
marked green fluorescence. It was not found to be pathogenic to guinea-pigs. 


During the month of October 1901, a few additional samples were 
examined bacteriologically, as regards the number of bacteria and the B. coh 
and indol tests. The results obtained are shown in the following table :— 








Indol test 
(indol in broth 


Description Number of bacteria per ¢.c. 


| Number of B. coli | 














’ of | per c.¢ cultures, 
the sample, Gelatine at 20° C. Agar at 37° C. bays aaa 
369. Genera) effluent, 34,000 5,400 Less than 1,000 Negative ‘001 c¢.c. 
8th Oct. 1901. 
372. Crude sewage, 29,600,000 7,760,000 At least 100,000 + ‘00001 ¢.c. 
8th October 1901. 
374. Final effluent, 1,640,000 732,000 At least 1,000 + °001 cc. 
9th Oct. 1901. 
376. General effiuent, 7,760,000 1,728,000 At least 1,000 + °001 c.e. 
9th Oct. 1901. 

(369 passed the | (369 passed the | (369 passed the | (369 passed the 
standard of less | standard of less | standard of less | standard of less 
than 100,000 mi-| than 10,000 mi-| than 1,000 B. coli| than 1,000 indol 
crobes per c¢.c.) crobes per ¢.¢.) per ¢.¢c). producing bacteria 

per ¢.c.) 
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Plate IL. 


Figure 3.—M:croscopic preparation from a broth culture of streptococcus 
14. Isolated from ;9'55 ¢.c. of Beddington effluent 150. Stained by Gram’s 


method. 
[Magnifying power, 1000. | 


Figure 4.—Microscopic preparation from a broth culture of streptococcus 
20. Isolated from y54$55 ¢.c. of Rugby effluent 230. Stained by Gram’s 


10000 
method. 
[Magnifying power, 1000. | 


Figure 5.—Agar plate culture (37° C.), zd5 ¢.c. Rugby final effluent No. 
229. Number of bacteria per c.c., 15,700. 


| About natural size. | 


Figure 6.—Lindfield final effluent No. 92, showing the result of the “gas” 
test (“ gas” in gelatine shake cultures, 24 hours at 20° C.). The left tube 
represents 1 c.c. and the right tube ,},¢.c. of the sample. In both tubes 
the formation of gas is evident, but particularly in the left tube. A third 
tube (not represented in the photograph), inoculated with ;35 co, gave 
no “gas.” A sample of sewage illustrated in a previous report, obtained 
from Lindfield gave a positive result with ; 55 ¢.¢. 





igh 


- ha 





19 


Addendum D.-—Mr. Kershaw’s abridged notes to accompany bacteriological 
data. 


CROYDON SEWAGE FARM. 
(Beddington.) 


Additional Notes on Samples. 


_ Samples Nos. 37, 38, 39.—These samples were affected by the snow which fell two days previously, the fields 
irrigated being partially icebound, and covered with snow. 


Sample No. 43.—This permanent pasture contained a great deal of water grass at the lower end. 


Sample No. 45.—River Wandle water taken 340 yards above effluent outfalls; river slightly above norma 
height owing to rain, water slightly discoloured. 


Sample No. 46.—River water and effluent taken 130 yards below sample No. +4. Ratio of effluent to river 
water about as 1 to 12. No sewage weed apparently. . 


Sample 47.—River water and effluent taken 230 yards below sample No. 46. No apparent signs of sewage 
weed. This sample could not be taken any lower down the river owing to the Carshalton effluent outfall. 


Sample No. 150.—This first field had received too much sewage ; the rye grass was in fair condition. 
Sample No. 150a.—River water above effluent outfalls, very clear, river about normal. 
Sample No. 1544.—River water above effluent outfalls ; river very fine and clear. 


Sample No. 155.—The giving way of a brick culvert near the railway, and consequent lifting of a sluice gat 
may possibly have effected this effluent injJuriously. 


Sample No. 155s.—River water and effluent taken 360 yards below effluent outfall; river clean and clear. 
Sample No. 156a.—River water above effluent outfall ; river very clear. 


Sample No. 160a.—River water and effluent taken 360 yards below effluent outfall; river rather high. 


EXPERIMENT. 


' Two fields were chosen for this experiment, one arable field of 16 acres, and one ryegrass ‘field of, 20 
acres. The arable field was last sewaged on October 8th, 1900. The field was ploughed 8 inches deep all 
over a few days before the experiment began, and the soil seemed in a very clean condition. The last crop on 
this field was cabbages. The amounts of sewage put on were started at 25,000 gallons per acre for the 16 acres 
per 24 hours, and this amount was increased daily by 5,000 gallons. The field was partially under-drained, and’ 
the filtration effluent was taken on to the ryegrass field for second treatment. The sewage was turned on to 
the arable field on October 23rd, 1900, at ll a.m. The sewage was kept running on continuously both day and 
night. There was avery small amount of subsoil water under both the arable and ryegrass fields, not sufficient 
to influence the experiment prejudicially, 
The sewage turned on the first day was rather dilute and very soapy. 


Sample No. 161.—25,000 gallons per acre for 16 acres going on. Sewage only fairly strong and very soapy. 


Sample No. 162.—Owing to there being only one carrier available for the entire field, only about 4 acres 
were being irrigated, the land absorbing a large quantity. 


Sample No. 163.—* 30,000 gallons per acre,6 acres irrigated. The sewage from which the effluent was 
derived contained a large amount of black sewer scourings. Hardly any effluent going onto the second (ryegrass) 
field as yet. 


Sample No. 1634.—Arable field effluent now going on ryegrass field. Sewage very black, and full of 
scourings. 


Sample No. 1638.—This effluent, after leaving the arable field had, in passing over the ryegrass (1 acre), 
percolated through to the drains, the samples being drawn from a manhole. 

Sample No. 163c.—Sewage normal. 

Sample No. 163p.—Sewage about normal. 


Sample No. 1648.—Sewage very dilute (from rain) and soapy. Samples 1643 and 165 were taken when the 
sewage was going on to the arable field at the rate of about 83,000 gallons per 24 hours, or less than the usual 
dose the land receives ordinarily. The sewaging in the experiment had, however, been continuous, no rest being 
given to the fields, 


Sample No. 166.—Sewage rathcr strong. 

Sample No. 1664.—Taken about 360 yards below effluent outfall. 

Sample No. 1674.—Sewage strong. 

Sample No. 168.—Sewage soapy. a 
Sample No. 169.—This sample was a surface effluent from the ryegrass, taken at foot of field. 


After these last samples had been drawn, the sewage run on the arable land was kept at a constant flow, and 
then increased on 8th November to about 3,000,000 gallons per 16 acres per 24 hours, and kept at that flow 
until Samples Nos. 172 and 173 were taken. The fields which had been sewaged during the cxperiment were 
again sewaged after a rest of 10 days, and had then recovered from the effects of the previous irrigation. 








*This is at the rate of 30,000 gallons per acre for 16 acres, or 480,000 gallons in all, but orly about 
6 acres were actually receiving this quantity. 
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CROYDON SEWAGE FARM (BEDDINGTON). 








Remarks. 











(DomEsTIc SEWAGE.) 
Length 
Number Number Area of of time those Nature 
of times the | plot or plots plots had of 
of eee is n| Sewaged at the | heen sewag ed 
paeie ee \ time of drawing a crops grown 
' o 
Sample. aigile Sample. ana on plots. 
oe J searye 5 
Acres. Days. f 
37 Once 21:25 #3 Ryegrass—- - - | Only fairly clear. 
38 Twice 16°50 3 ” : 7 es »? ” ” 
39 3 times 7°50 3 Permanent pasture Slight suspended matter. 
4] Once { +e \ 2 Ryegrass- - - | Cloudy effluent. 
42 Twice 16°50 2 . - - Fairly clear effluent. 
43 3 times 7°50 2 Permanent pasture = - 
150 Once 18°50 3 Ryegrass - - 
151 Twice 8°80 3 Permanent pasture 4 
sme 
153 a { He pee \ 4 Ryegrass and _ per- 
13°60 | manent pasture. lescent. 
154 3 times i 16°50 1 Ryegrass and __per- 
7°50 manent pasture. lescent. 
13°60 | 
155 ; 16°50 2 Ryegrass and ___per- 
7°50 i} marient pasture. smell. 
8°75 
lida 3 18°75 | 1 Arable and ryegrass; | No smell, clear. 
17:0 J permanent pasture. 
156 Twice { pe } 3 Ryegrass - - Clear effluent. 
20°0 
157 3 times i 18°75 1 Arable and ryegrass ; 
| 17:0 permanent pasture. 
13°60 
159 <3 18°75 2 Arable and ryegrass; | No smell. 
17°0 permanent pasture. 
13°60 
160 rf 18°75 3 Arable and ryegrass ; 
17°0 permanent pasture. 


























Very slight sewage smell. 


Effluent cloudy, sewage smell. 


Fairly clear, very slight sewage 


Very slight sewage smell, opa. 


Very slight sewage smell, opa: 


Fairly clear, very faint sewage 


7 


No smell and very clear, ven 


little suspended matter. 


No smell, some suspended matter. 





Once 4:0 I Arable(freshly ploughed)| Filtration effluent. 
” 6:0 2 ? ”? a3 33 99 
” 8:0 3 ” ” 29 yf 39 Fy ” 
Twice 8:0 & 1:0 3 » and ryegrass |- pedi effluent, very clear, : ¢ 
smell. 
" 9:0 & 1°5 4 6 6 - | Filtration effluent, very clear, n¢ 
smell. 
Once | 11:0 6 3 aly: - - nese effluent, very clear, né 
smell. | 
Twice 11°0 & 2°0 6 » and ryegrass - Bae effluent, very clear, 
smell. 
Once 12:0 8 » only- - — -| Filtration effluent. 
Twice 12:0 & 2:0 8 Hl ” is .: i, ” ” 
” 13:0 & 2°55 10 ” 2”) = ‘ ” ” 
Once 13°5 11 ” ” F t oy) ” 
Twice 13°5 & 2:10 ll ” ” = +] - ” ” 
” 15° & 2°25 13 ” Ot ees - f ” ” 
Once 150 14 oe 93° ak - - | Filtration effluent, strong sewage 
smell, turbid. 
Twice 15 & 2:25 14 i dens _ | Filtration and surface effluent. 
7" 16:0 & 20-0 17 5 a ie - -| F pee and surface effluent, ne 
smel 
> 16:0 & 20-0 18 a a anit oicilites Hilpaay and surface effluent, E 
sme 
ee vie ae an General effluent. 
3times 11:25 &10:0&17:0 1 Ryegrass. | 
PS 11-25 & 10 & 7°5 1 | 
Twice 13°50 & 17:0 2 ie | 
Twice 13°50 & 17-0 3 Ryegrass. H y 
is 13°50 & 17-0 3 i 
3 times 7:0 10 0& 20°25 1 Ryegrass. : f 
3 7-010 & 75 4 . 
ex. peng gary » a ” ” 
3times | 7:0 10 & 20-25 2 Ryegrass. ‘i Ks 
” tf 10 & 75 5 ” 








* The sewage is run on continuously, both day and night. 


81 


te Gs 


‘quonqye [vuly 
"Q5VMOB 


pey947s pemees10g 


pur 
‘006T “1040990 4816 
0} 12G4090Q pag porsed 9y} 10g 
"UL GQ. ‘[Teyurer ATrep uvoyy 
‘A (0%) ‘0. FF ‘orngesed 


‘quenpye [VUlyy 


“IOYVA IOATY 


“ule? «wmunutM Ayrep uProyy “‘quOULye prey ysl] 
“A (619) ‘O .T-9T ‘orngeaed “ODE MOS 
“l9} TUNUNIXeUL Al[Iep Ue | petyjes pue  pouse1og 





6e iad 


‘quonyye pus 
"IOYEM IOATY 


‘quonpye [v1eues) 


“ULIV] OY SUTABIT SS cee OUT 
uo squenqye po_very - Ayeuy 
o10UL IO OMY JO 91NJXIMI ® “e  £* puoveg 


quvell SI quenpye,, [e1oues ,, AGS 


‘poulj1opun ore 
[eyarer Aq poqooye uoaq oaty ‘QSBMOS POUIIIOG 
Aeut yorya  seopdureg—-azoar 


<< [e19094) § 
‘OOGT SYorvyAL puy 

03 Areniqay ya, ported eyy 104 -quonpye [euLy 

"Ul GOT. “[[eyurer Ayrep uvsyy “ 
“A (.@-@E) “Oo T-0, ferngered 

te} wnuturE Ajrep ueoyy 

“LT GLP) “O. £8 ‘oamngesod 
“Woy wotwurxeu Alrep uvoyy / 


** puooeg 


‘quonTye ploy 9st 


‘QOVMOS PIUIING 








‘afdmeg 
‘SMUVNAY jo 


wo1qdtiosep Joug 





‘qUON TY PLOY IST | 





0S-€ 
0-¢ 


0° T 
uvyy 8so'T 


‘9 


‘aydureg 
va 
ueSkxo 
Pea Ossi(T 











(1g) 4.0L 
(ZF) 
(Zh) Gg 
(1%) 0-¢ 
(IF) 0-¢ 
(TF) 0G 
(IF) 0-¢ 
(9%) Leb 
(9h) LL 
(9h) LL 
(0g) -1- 
(0g) L.= 
(og) L-E- 
(0g) T-T- 
(¢g) 9-T 
(LT), -<-6-8= 
() *-8= 
LD 88> 
i ee 
ite Ws 





(FL) $-€% 
(ZL) BGS 
(ZL) 38S 
(09) &-&T 
(09) ST 
(09) ¢&T 
(09) ST 
(19) 1-9 
(19) 1-91 
(19) T-9T 
(LG) 8-81 
(Lg) 8ST 
(L4¢) 8-81 
(4G) 8-81 
(97) LL 
(GF) &.g 
(ZF) ¢.¢ 
(ZF) Ge 
(Zr) Gg 
ies (BOS 





(‘ure 6) 


Aqrprun yy 





‘SINOY FS ey} 
SuLINp 
ong eisdwey 
TWnUTUT, 





‘SINOY FZ oy4 
Sulnp 
oinjyered m144 
WUNWIEXV TY 








(29)  9-9T 
(69) 0-91 
(8¢) FFT 
(cg) -L-1 


(LG) 8-§T 
(6¢) 0-8 
(9¢) §-§1 
(FS) &GI 
(9¢) §-8T 
(GF) Gd 
(9%) LL 
(LF) €-8 
(0g) 0-01 
(ye) Ae 


(98) &% 
¥-F 
(Fg) LT 
¥-6 


‘ayduieg 


ay 


angered y, 





























(¢9) 81 00- 00- aS ae 
(69) &.06 00- 00. ‘we'd 08.5 
(G9) 81 00- 00. ‘we TT 
(1G) 8.81 00- 00- ‘md Ogg 
(Fo) G3 00- 00. ‘urd 08% 
(19) 1-91 00: 00. ud 3% 
(cg) LG 00. 00 "U'e CF. TT 
= G. co" eae G 
a G3. C0: * CLP 
= GS. co “O87 
ac 00: GE: i F 
se 00- oe “ 02-6 
= 00- ze, ‘tad GT. 
ae 00- GE: "ULB CF. IT 
a OF- 81 06-1 
= 00: 00 “GL 
= 00: 00 “08-7 
a 00: 00- “ Ob.3 
= 00- 00 ‘wed CT.Z1 
cite Dé “SOlOUT “‘SoOuy 
auuunapao | SHU | Sunweap | up 
19 “(ep icy Shotacad 
peers Fae iP jo owlly, 
i Leyurey, 





(HOVMAQ OLLSAWO() 











ee 


a9 


oOo  j© a oO 


“ce ¢ 


19G0Q psg 


: 0061 
“s 9% 
os 9% 
fs 9 
cA 0 
Hf 0Z 
ss 06 
3 0% 
a GT 
5 ZI 
= ZI 
zs rat 


-A1vnIq2,] YIST 


* 006T 


‘oj dug 
Q a 
SUIMIp JO 


e7e(] 








FS 





208 
66 
86 
Le 
98 


‘31dueg 


fe 


Joyum N 





8225 (iii.) 


ONG FO Sk ORE tire 
19q019Q) puze potied oy} 10,7 


“UI £10. ‘Tyeyurer ATrep usa 

“A (F-FF) “O. 8-9 ‘orngzesod 
we} wimnururte Aprep wre 

“WA (#-LE) Oo TPT orngqered 
-w9} wnuixem ATIep uUPvopy 








82 


“SUVA YY 


‘quonpye 4811 J a cx (8h) 8-8 (79) L-LT (eg) L-81 (99) CTO: c¢. ‘ud CF ST | - ate TPSL 
‘aBvaes pouserog | = — (SF) 8-8 (79) “tT | (89) ¥FT | (G9) &8T GTO. gs. “ule OS "IT | - “ 1e| er 
“yeu | 96-6 re (Lh) &-8 (9g) L3t | (se) 911 | (Fe) GBT 060. CFL. ard OF ZT | - hat a gems Oa 
f= SOIL 2 ve (Lh) $8 (¢¢) 1-61 (9g) €-8T | (G¢) L-2I 0g0- CFI. (woo) BT | - er.) “Peol 
gon es 0-3 — (ze) 0-0 | (a) oat | (s) sar | (1g) or 00- 1S © OF'ZL | eee bh Seon 
‘quonyye [VU] ar a (IF) 0-¢ (1G) 8ST (g¢) 9-11 (¢h) G&L IZ: CFO. SI cs Sl “ 93} 4g9T 
es i = = (IF) O-¢ (Lg) 8.81 (L¢) 8-81 (ch) GL 1% CFO. ae a 3 LT TTT 
= 3 0¢-0 = (g¢) 9-11 (09) ST (9) $1 (9¢) §-81 CFO. 00: Se GL Sak el Gee 
‘quen]Ye ISI 0-1 = (6€) 8-8 (6¢) 0-81 (LG) 8-81 (09) ST 00: clo. 4 ee GC. -4 = re 291 
‘GSEMOS PIUIO1OG = on (68) 8-8 (6¢) O-Gt | (89) PT | (68) 0ST 00- ST0- “ GU3l | - 41040790 T9L 
*“LNGWIYdd xy > 006T 
‘quonyye [eal 0-3 ea (IF) 0-¢ (79) LAT (FG) GT (sc)  ¥-F1 00: CT0- “= OG Gel 3 «  ~Sk O9T 
‘QUONFO PUB 1OFVA OAT = ai (Ir) Og (09) 4-41 (6g) T-11 (8¢) -#-F1 00: STO. ‘ud oh'S | - o> LSTA SOOT 
‘quenyye [Bul] 0:3 a (97) LL (¢9) &-8T (4) GGl (9¢) &-ST G10. 00- ‘ud g | - “Eh 6ST 
‘ASEMAS POTION =" aa (9h) LL (¢9)  $-81 (09) GT (79) L-LT CTO. 00- (uoou) ZI | - eet: 81 
‘quonyye [Bul | 3-9 Pad (40) L6- | (g¢) L-8I (0¢) 0-01 (1¢) OT 00: GZ0- “SVS ta SS WeOF LST 
“TOYBVM TIATY 0-01 a (Zé) 0-0 ($¢) G3 (8h) 8-8 (0¢) 0-01 &Z0- 00: moe eee game 1 eS 
‘quongye [VULy | OG. = (2) 0.0 (FG) GSI (0¢) 0-01 (0¢) 0-01 C0: 00° ae ig AM ee poe 9sT 
‘QUONYO PU OPW TOALY O-L = (Ig) ¢0- | (8c) FT | (1g) Gor | (99) &&T 00: 00. 6 OST ia "  klap as tiag t 
ai a O-L = (Tele “8.0 =" | Ase) -"F. 51 1-90)" — 8-61) AZ) ela 00: 00: eet ita “<~ Thep Seat 
‘quonyye [eUuLy | Og-T = (gg) 910 | (64) &8e | (89) FFT | (Se) FFT 00: 00: gpI a ~ Ol es 
‘I9IVM JOATY | 0-8 = (Ig) G01 | (%L) €€% | (89) FFT .] (79) LLT 00: 00: md og.z | - reqoo6 | PST 
ates ie os cer 25 Weg! wis ‘soyouy * 0061 
et eee ee et. PNR ee ee ef ee SE AS ER re ee ~ O ap S a ee eee, See es eee oe ee oe 
‘opdureg eda (‘ure 6) ed % oy} | ‘soy FZ ONY ‘otdureg es ‘ejdueg au ee “Lep ‘ojdureg ‘ep diueg 
yo uasfkxo K Erraaanet aeiet ios Lies our} eee be Ses 0 elt augep 2° * a 
woTydLIosep JoLrg poarosst | *!PFUTH UANUTUT A, tanwixeyy | oinjzereduray, ee er [eyurey. eran J hl 078 Joqun 

















“panwrqUoI—(9SVMOQ OISSMIO(T) (NOLONIGAY) WAV] AOVMAG NOGAOUD 







































































83 


“PRIID 
‘INOTOD MOT[EA BUSTS “VITO 
‘ejdures [euLlou VW 

O08 “ON Ueq? J0Tee[) 


‘73 


"IID 
*[WULIO NT 
“ApNoypo I9yyeY 


“ 


"IVIIO 
“YROM IOYJEY 


‘Tjows ou “veto Ayres 
6 “ 


*]jows ou ‘1va[O 


“e 66 


‘Tlefurer 1eqye oynyid 


e 


"IV9TO) 
‘Mood MoTIeA FUSTTS 








—_— 


























- quonpye [eul 7 = 5 (LP) 

quonpye [e1ouex) 3 of (LF) 

QSVALOS Pomee1Og S oS (LP) 

quonpye [e1euer) © % eS (68) 

re 6c 6c Es = (68) 
(eg 

- quenpye [eu = = = (68) 

QSVMOS POMEd1IG SB (68) 

quenpyo [e1ouex) 5 & = (SP) 

soa : ached (8%) 
4 BB 

- quonqyo yeuty Boe (SF) 

QSVMOS Pouedlog See 5 (SP) 
a S| 5 

quonpye [e1ouer) g ¢ 3 (TF) 

ake 7 PSs (1¥) 

- quenpye [euly ag os (1¥) 
6 ¢ © o 

: : on (TF) 

aSVAOS paued1og ‘ is (IF) 
G2 

6é ce eS (TP) 

ue yeuLy a: a) (TF) 
i 

quonTpye [B1auer) : (IF) 

ra = 26 (Ts) 

. o — PL (¢F) 

“  yeut | 0-F ae (S#) 

“4st =< = (87) 

* ie 0-1 ae (6F) 

yeulg | Sh1 = (0g) 

<  4sIly ae a (0¢) 

‘quonyyo [VUL] — — (6F) 

‘qUONYJo DUB I0FVM IOATYT 0-9 — (6F) 

“guon yo (ear 0-3 © = (st) 

































































6225 (iii.) 


( ) ) ul Be 

6-8 (4g) 8€T | (FS) Ger | (99) €-8T 00. 00: - « eT ory Lge 
€-8 (4g) 88 | (G9) L831 | (89) ¥-F1 00- 00- - “  g «oor oge 
€.8 (4g) 8-81 (s¢) FFT (9¢) ¢-1 00- 00- - hte ame i C8 
8-6 (09) ST | (9¢) et | (e¢) TI 00- 00- - W00u ZT «of $88 
8-€ (09) G-st | (99) ¢8t | (FS) GE 00. 00: - “ Oe-TT “oF ese 
8.g (09) ¢-eT (8c) ¥-FI (sc) FT 00- 00- - x Il rT BRE 
8. (09) ST (89) -#-F1 (F¢) GGT 00- 00- - Ure CF OT Sy i 
8-8 (6¢) 0-T (9¢) ST (2¢) «LIT 00. G0. - urd OT'Zt gag use 
8-8 (6g) 0-GT | (9¢) €-8I (6g) TTT 00: €0. : “ 9e-TT Eig BLE 
8-8 (69) 0-91 | (9¢) er | (ee) TIT 00: €0- . Il foo ge 
8-8 (6) 0-8 (8¢)  ¥-FT (g¢) 9.11 00. €0: - "WOOT er) LLe 
0-¢ (e¢) 9-11 | (ee) 9-11 | (99) 8-8 £0. 00. : a Sed oe Ts “OLE 
0-¢ (¢¢) 9-11 (og) ‘TTT (Lg) 8&1 €0- 00- - urd eT'ZI eg “CLs. 
0-¢ (gc) 9-11 (2g) 11 (9¢) €-&I 0. 00- - - m00U ZI + = 9 FL. 
0-¢ (9) 9- TT (sc) PFT (9¢) €-8I1 &0- 00- - “U8 GFTT oS “ele 
0-¢ (¢) 1-11 (Lg) 8-8T (0¢) OT 00- SI: - : a eee) aLS 
0-¢ (¢) ‘1-11 (Gi SS-01 (1g) ¢.0T 00- St. - S200" T Siomey 1g 
0-¢ (6¢) TIT (02) 0-01 (1g) ¢-01 00: SI. - : Hs oer OLE 
0-¢ (so) 1-11 | (0G) 0-01 | (0€) 0-01 00: 8t- - urd 0¢'ZT 190990 L, 69¢ 

> 106T 
“INAWIGEdXY 4O ANY 

Ge ACE Sant (1%) 8 (T¢) OT 00. co. : “ GF'l : OL ELI 
1-9 (tg) OT (2g) ‘TTT (1g) 4.01 Go. ita > pay eS : 6 GLI 
8-8 (6g) 0-ST (cc) L381 (9¢) €-8T G10. C10. - wed OF ZT u 9 69T 
8-8 (6g) 0-GT (cg) -L-GT (49) 8-8T G10- ST0- - uo00u ZT S 9 e691 
¥-6 (LG) 8-T (Fe) GT (8G) ¥-FT C10: 00: : Sou eal , g S91 
0-01 (1g) 8-81 (9) GG (8G) FFT 00- 60- “ 083 Mg € LOT 
ES 

0-01 (1g) 8ST (9¢) €-81 (sc) FFT 00. 60- - “ 0631 ¢ e1OT 
¥-6 (19) 1-91 (Fo) BI (8G) FFT 60- Cll. - wd OF SI j 9€T 
4-6 (19), 19f | (69). 91k. | (ee) #91 60- CII: - UR OS TL | - Toquoson @ 8991 
8-8 (79) L-Li (ge) 9-11 (99) 8-81 ci0- ge. ° ws a I9q0WQ {E GOT 


} 
q 





84 


CROYDON SEWAGE FARM (BEDDINGTON). 
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(DomEsTIC SEWAGE.) 


* Comparative Samples, or Samples taken from the same plots of land. 
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SEcTION V. 





LEICESTER SEWAGE FARM. 


1,2Situation of farm.—Beaumont Leys, about two miles froth Leicester. 
2. Total acreage of farm.—1,699 acres. 

3. Total irrigable area.—1,350 acres. 

4. Average area irrigated at one time.—337 acres. 


. Population draining to farm.—197,000. 


Or 


6. Population per acre irrigated.—146. 
7. Gallons of sewage per head per day.—-36°8. 
8. Dry-weather flow of sewage per 24 hours.—7,250,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre per 
hours.—21,500 gallons = ("2"). 


10. Gallons of sewage treated per acre per 24 hours, on the assumption 
that each acre of the irrigable area is under sewage all the time =("35")= 


5,370 gallons. 


11. Characters of the sewage.—Domestic, about three- quarter trade 
effluent, nearly one-quarter. 


12. Method of treatment.—Screening, SEED tanks, surface irrigation, — 


and filtration combined. 


13. General characters of the soil and subsoil.—Stiff clayey soil overlying ‘- 


dense clay. 


14. Separate or combined sewerage system.—Partially separate. 


15. The final effluent is discharged into. —Anstey Brook, flowing® into | 


River Soar. 


16. Number of years farm in operation before 1900.—Nine years. 
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A. full description of Leicester sewage farm will be found in Mr. 
Kershaw’s report (Part IV., Engineering and Practical Report). <A few 
notes, however, may be very briefly here inserted, as follows :— 


The soil is a stiff clay and cracks badly in hot weather. There is practically no subsoil water 
on the farm. The volume of trade refuse, well and subsoil water gaining access to the sewers 
is considerable. The town is chiefly on the water-closet system. The main storm water overflow 
comes into action when the combined volume of sewage and storm water exceeds twice the dry 
weather flow. The method of treatment is, generally speaking, to send the sewage, after rough 
screening and settlement, over one arable field and then over one or more pasture fields. Mr. Ker- 
shaw lays much stress in his report on the system of under-draining and the conformation of 
the land which allows of the effluents, if inadequately purified, being “‘picked up” and “* re-treate.” 
The total acreage of the farm is 1,699 acres, of which 1,350 acres are actually irrigated, the 
remaining 349 acres being used for grazing purposes when all the cattle cannot be turned on ta 
the sewaged land. As regards the 1,350 actually irrigated, 902 acres are pasture land and 448 
arable land. About 1,111 acres are cropped. Wheat, oats, roots, and mangold wurzels are grown, 
but ryegrass constitutes the principal crop. 


The following is a summary of the several sections of the report in so 
far as it relates to Leicester sewage farm :— 


1. Tabular statement and summary of the chief bacteriological 
results, 


2. Diagram 7 illustrating the results shown in Table 11, with 
comments thereon. 


3. Results considered in relation to Mr. Kershaw’s notes. 


4. Results in relation to tests other than the B. enteritidis sporogenes 
test. 


5. Results of the examination of additional samples of subsoil water, 
brook water, and mixed brook water and effiuent. 


6. General conclusions. 


Addendum A.—Results of the examination, by means of simple tests, of 
samples obtained from Leicester sewage farm (special comparative series of 
experiments). 


Addendum B.— Additional notes. 


Addendum C.—Mr. Kershaw’s abridged notes to accompany bacterio- 
logical data. 


1. Tabular statement and summary of the chief bacteriological results. 


The following table (Table 11) shows, as regards the total number of 
bacteria, B. coli, and spores of B. enteritidis sporogenes, the results of the 
bacteriological examination of five samples of sewage and 21 samples of 
effluent. 





TABLE 11.—Showing as 


B. enteritidis sporogenes, 
sewage and effluents obtained from Leicester 


lanl 


ce) 


8 


regards th 
the result 


e total number of bacteria, B. coli, and spores of 
s of the bacteriological examination of 
Sewage Farm. 





Description of the Sample. | 








1 Settled sewage - 
11.15 a.m., 8th Nov. 1899. 


7 Settled sewage 
12 (noon), 21st Nov. 1899. 


124 Settled sewage 
12.30 p.m., “21st Ang. “1900. 


128 Settied sewage 
Ie oney tne, “27 ith Aug. 1900. 


136 Settled sewage’ - 
12 p.m., 10th Sept. 1900. 


Averages - 


2 First field effluent 
12.30 p.m., 8th Noy. 1399. 


3 Final effluent 
3 p.m., 8th Nov. 1899. 


4 General effluent - 
3 p.m. 14th Noy. 1999. 


8 First field effluent 
1.30 p.m., Zist Nov. 


9 Final effluent - 
2.45 p.m., 2lst Nov. 

125 First field effluent 
1.30 p.m., 21st Aug. 


126 Final effluent - 
3.15 p.m., 2lst Aug. 


127 Final effluent 
2p.m., 22nd Aug. 1900. 


129 Final a - 
2p.m., 27th Aug. 1900. 


130 General effluent - 
11.45 a.m., 29th Aug. “1900. 


131 Final efiuent 
11.30 a.m., 30th ‘Aug. 1900. 


182 General effluent - 
11.45 a.m., 3rd Sept. 1900. 


1899. 
1899. 
1900. 


1900. 


Experimental effluents : 
137 Final effluent . 
1 p.m., L1th Sept. 1900. 


188 Final effluent 
12 p.m., 12th Sept. 1900. 


139 Final effluent - 
12 p.m., 17th Sept. 1900. 


140 Final effluent 
12 p.m., 18th Sept. 1900. 


141 Final effluent 
12 p.m., 19th Sent. 1900. 


143 Final effluent 
12 p.m., 2ist Sept. 1900. 


145 Final effluent 2 
12 p.m., 24th Sept. 1900. 


146 Final effluent . 
12 p.m., 25th Sept. 1900. 


147 Final offuent : 
12 p.m., 26th Sept. 1900. 


Total number of bacteria 








| | Number of Spores of B. enteritidis 


sporogenes (Klein’ s ‘‘ enteritidis 
change” in milk culture) 
perec.c. — 









































Averages 


Excluding the experimental efflu- 
ents 137 to 147, but inal aune | 
the first field eueuies the i; 
averages are - 


Excluding the experimental and 
first field effluents, ate averages 


= 


are 





[Ratio cols. 2 to 3=10'8: 1.] 





per c.c. Number of 
— | B. coli (or closely 
Gelatine at | Agarat | allied forms) per c.e. | 
20° C. 37. 
D: | a 4, 
4,100,000 416,000 | At least 30,000 - 
| 
5,200,000 720,000 | — 
12,700,000 2,070,000 At least 100,000 - 
12,500,000 1,304,000 - ditto : 
26,600,000 3,560,000 - ditto - - 
12,220,000 1,614,000 [Ratio cols. 2 
460,000 350,000 | Absent from yo300 
c.¢. 
1,040,000 59,000 2 dai ditto - - 
1,890,000 286,000 — 
500,000 300 | Absent from yzooa- 
c.c. 
1,030,000 553,000 | At least 10,000 but 
less than 100,000. 
48,000 13,400 | At least 1,000 but 
less than 10,000. 
73,000 31,300 | At least 100 but 
less than 1,000. 
43,000 4,700 At least 1,000 but 
less than 10,000. 
141,000 8,800 At least 100 but | 
less than 1,000. 
1,930,000 122,000 | Atleast 100,000 - 
560,000 45,000 | At least 1,000 but 
less than 10,000. 
22,560,000 1,264,000 | At least 100,000 - 
16,400,000 . 1,344,000 - ditto - - 
800,000 38,200 | At least 100 but 
than 1,000. 
1,110,000 43,000 At least 1,000 but 
less than 10,000. 
— 15,009 ditto - 
1,820,000 712,000 - ditto - 
— 294,000 At least 10,000 but 
less than 100,000. 
171,600 23,50 ditto - - 
86,000 4,000 | At ieast 1,000 but 
less than 10,000. 
2,814,555 260,550 
' 77% reduction,} 83% reduction : 
\ 
- 701,363 133,954 


532,777 70,500 





94% reduction.| 91% reduction. 





95% reduction.| 95% reduction. | 


| 


+:01,- 001 ec.c. 
less than 1,000. 


At least 100 but 


+:001,--000l\c.c. At least 1,000 
but less than 10,000. 


+:01,--001 ec. At least 100 but 
less than 1,000 








[Ratio cols. 2 to 3=5°2: 1.] 


[Ratio cols. 2 to 3=7°'5: 
| 





+001 c.c. At least 1,000. 
to.d=7-DRel. 
+‘lec. Atleast 10. F 
4 
+'1,-‘Oleec. At least 10 but 2 
less than 100. |S 
- ditto - ditto. e 
zi 
2 
& 
+1, -‘leec. At least 1 but | @ 
less than 10. AS 
2 ditto - ditto. ‘i 
7 
~le.e. None in 1 c.c. 4 
+1, -‘l. oc!) At least 1 but am 
less than 10. q 
- ditto - ditto. | 
at whiney ditto. 
-‘Ole.c. Atleast 10 but | —~ 
7% than 100. 
+1, -‘lee. At least 1 but 


less than 10. 


+‘Ol ce. At least 100. 


+l, -‘Ol cc. Atleast 10 bugle 
less than 100. ; 

+1, =‘l ce. -At least 1 but 
less than 10. 


+10 e.c., —1 ee. 
c.c. 


+1 ¢.¢. 


None in 1 
At least 10. 


-leec. Noneinl1 c.c. 


At least 10 but 


+ 


—'0l ec.c. 
1a than 100. 


ditto 





ditto. 


At least 1 but | 


+l; = "ee 
less than 10. 


1] 


: 
j 































P ry Mh a eae 
reed i WA ha Pe i 
i) Hints. ! ra 
y, we | “4 
y A yi wre ts ; 
_ aS tne pis tA 
A Ca " - ey Mat 2 n Th » : Five, % 
7 if ey) aa Ys he vi ‘7 a x ] 
eee Ami on ; Pa 
a a ot ON er, a x ‘ F ro? 
a , rs 
i . ; or e x he he eel) ; 
} ve ll F, ' 
i ey 4 
‘ 
2) a 
: f aren, “i agi: fete city x nat ; ‘ 
; oi Pu un , J ] 
1a a Wey sede ooo 
f ‘ : a1, 4 Nie 
a : ; ms A bis if ve ivf tA 
npn J - Prati! | ay tab 
we Bea.) Hi) Mate aed i! Bo, . 
Rate; Tella J Ni on i [ " ‘ 
ly a : 4% ol oo : t 2 i “ ) 
ald . ee) is é 
a a t % re . 
ae : 4 » P 
eee y oe “A ie vA / e; f 7 a 
pally 9 Me A ee . 
7 a 
< y tus y 
4 f i : 
: / ' 
, i 
' 5 , 
a Call J 7 
ih Ay - 4 b 
‘ 
i a — ‘ 
' we SN Ba es 
} oe ee | 
a 
} { 
& 5 
ai « pel t 
5 hay. a aes j 
i : 
; , : 
be 
» Ny P 
b | s 
ae 
% i we 
wend bp , 
F cae oi 
a YW A 
my } 
ho ti + 
, P A 
; - ee es 
A it } - « : £ iv ‘ 
ati ui. Sa A Sroreret “a : i * } 
5 At y 
aa He a " 7 re 0 ~T i or caer ; : ; i : ; 
is iia dp tig er ie 
~ ae ra We hk acarts 9 ema 
a i ae oF a di ‘ . oD 
= Bice | i pn) ae . r 
by a ae vets aenad a Ser Se ‘ 
ck cet, sry nail) : Gi ACMA ¢ ' uh i 
} «py ae ne Wher Pe iN / ? ¢ 
i)" ees tat ne ow a i ee _ ph yi a ; ‘ i ; 
o 
r 
7 
4 
) ~ 
‘ 
' 
‘ 
LAF 
a 
1) } 
4 








Co | .: Mage i 
‘ ageted 
f eRe 
r 

















C nies hee 0G0'OL 5 
' x cae 
* 3 | <a 
90000 + = | e 
TUB AJO PIFY-ISHT = 48h 9:9 a 4 | 
298 — 000'000't 4 fot - 
QUBIEL LSP PDLIUPY a ; bg 
SALLUDS @VEFDLDAUID = $9 ies poste mes Le 
sriem sa TAY = Ot rar ae ee 
STUOTY JO TOLULPULLLIAH TF = AY 5s Sou 
Cas ie 200 60 ‘00» of 7 Ss 
Z od 
(S20b0.L0dS SIpUBLLARUA YJ) PIPL 
ce ce 6 a“ MOM ue 6e wavy) (2 ‘Z. ot -) — ee ee ee 
é bi tc FEET Ie wa a ee ee = | ! 
té ¢ ; y , Pe ae -/) agin pumas 2 E 48) “ob ) “a 773 (7 “ =! 
66 ¢t 6c “ AyuaM “ue Pate ems 000 DOL — ( ob 
(oes Le EE) A ee ee le oe 
piLDpunzs Sty) Passnd syuany 442 arwaqy big JO no t10,f) psopungs qm said 


(2,08 7 sunnpeb) mrseqrDg so soquern poy, = |_| 


a we 

‘AUD, GLOMIS LAISIIT UOL{ WIUTOHAGS SYUSNPS/P JO B ablomas 
(J083pLULOS JO UDLIUDLLDLA POBOD0ILIPIDG BY? JO SYNSAL IY} sauaboiods SIpYyLeyUs'F 
yo sasods (e) ‘09g (3)"ta}G Jo sequen 70307 (L) spLDb at 8D Bumays | UDsgvuy 








89 


Brief Summary of the results shown in Table 11. 
Sewage :— 


Total number of bacteria (gelatine at 20°C.) -—Three samples contained over ten million bacteria 
per c.c., and two samples contained more than one but less than ten million microbes per c.c. 


Total number of bacteria (agar at 37°C.) :—Three samples contained over one but less than ten 
million microbes in 1 c.c. Two samples contained more than 100,000, but less than 1,000,000 
micro-organisms per ¢.c. 


B. coli (and closely allied forms) :—One sample contained at least 30,000 per cc. The other 
taree samples contained at least 100,000 in 1 c.c. 


_ Spores of B. enteritidis sporogenes :—Two samples gave a positive result with ‘01 ¢.c. and a nega- 
tive result with ‘Q0i c.c. (at least 100 but less than 1,000). Two samples contained at least 
1,0J0 per c.c. 


Effluents :— 


Total number of bacteria (gelatine at 20°C.) :—Four samples contained more than 10,000 but 
less than 100,000 ; six samples between 100,000 and one million. Six samples between one million 
and ten million, and two samples over ten million bacteria respectively per c.c. 


Total number of bacteria (agar at 37°C.) -—One sample contained less than 1,000 ; three samples 
between 1,000 and 10,000; eight samples between 10,000 and 100,000 ; six samples between 
100,000 and one million ; and two samples between one million and ten million bacteria respec- 
tively per c.c. 


B. coli (and closely allred forms) :—Three samples contained at least 100 but less than 1,000. 
One sample absent from. zooy &-c. Seven samples at least 1,000 but less than 10,000. Two 
samples, absent from yo¢o0 ¢.c- Three samples at least 10,000 but less than 100,000. Three 
samples at least 100,000 B. coli per c.c. 


Spores of B. enteritidis sporogenes :—Three samples contained none in 1c¢.c. Hight samples at 
least 1 but less than 10. Six samples at least 10 but less than 100. Two samples at least 10. One 
sample at least 100 per c.c. 


2. Diagram 7, illustrating the results shown in Table 11, with comments thereon. 


The results are shown in graphic form in Diagram 7. 


By referring to the diagram, it will be seen that certain horizontal lines are 
drawn to indicate provisional standards (non-drinking water streams). 


All samples, which, according to these standards, did not fulfil the following 
requirements would be tentatively condemned :— 


(1.) Total number of bacteria (gelatine 20°C.). Less than 
100,000 


(2.) Total number of bacteria (agar at 37° C.). Less than | 
10,000). | per C.c. 


(3.) B. coli. Less than 1,000 - : : 4 i , 
(4.) B. enteritidis sporogenes. Less than 10 - £ = 





As regards (1) 4 out of 18 (3 out of 11, excluding the experimental 
effluents, and 3 out of 9, Set aun the first field effluents) effluents proved 
satisfactory. 

As regards (2) 4 out of 20 (3 out of 11, excluding the experimental 
effluents, and 3 out of 9, excluding the first field effluents) effluents passed 
this standard. 

As regards (3) 4 out of 19 (3 out of 10, excluding the experimental 
effluents, and 3 out of 9, excluding the first field effluents) effluents were 
satisfactory. | * 

As regards (4) 11 out of 20 (7 out of 11, excluding the experimental 
effluents, and 6 out of 9, excluding the first field effluents) efiluents passed 
this standard. 

The variable character of the different effluents is striking, some were 
nearly as iripure as raw sewage, others showed a high percentage degree of 
purification. 

Admitting a certain parallelism between the results yielded by the different 
tests, it is found in practice that this seeming agreement is not uniformly 
maintained. 
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The B. enteritidis sporogenes test usually affords a useful means of 
estimating the degree of purification effected by land treatment. The results 
set forth in Table 11, show that the sewage contained from 100 (two samples) 
to 1,000 (two samples) spores of this aniierobe. As regards the effluents, 
including the experimental effluents, only one sample (137) gave a positive 
result with ;}, ¢.c. Eight eftluents yielded a positive result with y/o and 
eight with 1 cc. Three samples even gave a negative result with 1 c.c. 
About one-half the effluents passed the standard of a negative result with 
~y ¢.c. These results are remarkably good in view of the clayey character 
of the soil on the sewage farm. But the effluents, as judged by other tests 
were much less satisfactory ; and a series obtained at a latter date (Addendum 
A) were, as regards the B. enteritidis sporogenes test, more impure. Of 
these later samples one-third passed the standard of a negative result with 
po ©.¢. 

The results in general do not suggest the possibility of land of the kind 
available at Leicester being worked so as uniformly to yield a really satisfac- 
tory effluent. But the fact that a few of the effluents were good and a 
number of them fairly pure leads to the belief that the acquisition of an 
additional area of land to treat the same volume of sewage as is now dealt 
with would produce an effluent which might satisfy reasonable standards. 


3 Results considered in relation to Mr. Kershaw’s Notes.” 


Leaving the experimental effluents out of consideration for the moment, it 


will be noted that no less than seven out of eleven samples, although in 


other respects they were usually found to be unsatisfactory, passed the 
standard suggested for the B. enteritidis sporogenes test. But it is difficult | 
to say why the results were relatively better when judged by this test as — 


compared with other tests. The results of the bacteriological examination 
of the crude sewage do not indicate that the presence of trade refuse 


modified the biological qualities of the sewage to any great extent. Nore 
from a study of Mr. Kershaw’s careful notes does it seem possible always — 


to explain satisfactorily the variable character of the different effluents as 
regards the bacteriological tests in general. But effluent 131 was very 


unsatisfactory, and Mr. Kershaw’s note that the bullocks in the field had | 


disturbed the soil possibly explains this. Further, the first field were 
certainly worse than the final and general effluents. Of course, it is hardly 


necessary to say that the first field efiluents are submitted to further — 


treatment before leaving the farm. 


As regards the experimental effluents, reference should be made to Mr. 
Kershaw’s notes (Addendum C), in which the progress of the experiment is — 


described in detail. The object of the experiment was, if possible, to ascer- 
tain by daily increased doses of sewage, the limit of the purifying power of 


the soil. It is unnecessary to repeat here Mr. Kershaw’s description of the a 
experiment, as his notes on the subject are given in full in Addendum C. 


The bacteriological results may be summed up as follows :— 3 


B. enteritidis sporogenes, 3 out of 9 samples - - aH 
: ; ‘Se 2 asse e 
Total number of bacteria (ea ane at ae Ga Ot of Pe aene 


= 
7 samples . : ¢ Z 
P set up 


Total number of bacteria (agar at 37°C.) 1 out of 9} for these yi 


samples - - - - : ‘ tests 
B. cola 1 out of 9 samples - — - : = - = 


It will thus be seen that the results in general were of an unsatisfactory — 


nature. The first two effluents were very unsatisfactory ; later on in the 
experiment the effluents improved in biological quality ; but the results yielded 


by the different tests varied so greatly as to render it impossible to come to. 


any but the general conclusion, namely, that the results throughout were 
unsatisfactory. Nevertheless, the percentage purification effected by the 
process was considerable. Briefly, it may be said that under the conditions 
of the experiment the land failed to purify the sewage to a satisfactory extent. 
To obtain definite results from experiments of this kind the investigation 








* Addendum C, page 96. 
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would need to be extended over a period of several months, or even years, 
and, this, under the circumstances, of course, was out of the question. 

The various samples may be classed as sewages (1, 7, 124, 128, 136) ;. 
experimental effluents (137, 138, 139, 140, 141, 143, 145, 146, 147); and 
ordinary effluents (2, 3, 4, 8, 9,125, 126, 127, 129, 130, 131, 132). The 
last are divided by Mr. Kershaw into final effluents (3, 9, 126, 127, 128, 
131); general effluents (4, 130), first field effluent (2, 8, 125); and 
comparative samples (127, 129, and 131). As regards the comparative 
samples, 127 and 129 yielded fairly similar and not unsatisfactory 
results, whereas 131 gave very different and unsatisfactory results. The 
above instance may serve as an example of the difficulty experienced in 
interpreting the results obtained in the bacteriological examination of 
effluents from land processes of sewage treatment. 


4. Results in relation to tests other than the B. enteritidis sporogenes test. 


Up to the present, the records as regards the B. enteritidis sporogenes. 
test have been chiefly considered. As regards other tests, it is to be noted 
that the average total number of bacteria in the sewage and effluents was as 
follows :— 





Gelatine at 20° C. Agar at 37° C. 











Microbes per c¢.c. Microbes per c.c. Ratio. 
Sewage - - - - - - - 12,220,000 1,614,000 Lost 
2 af OP {77 per cent. | Fe =, {83 per cent. | Pe fen 
Saar e a a experimental 2,814,555 \ reduction. f 260,550 \ reduction. f 10°38: 1 
: £ ra (94 per cent. \ ~4 91 per cent. x 
Effluents (exclusive of the experimental, 701,363 : : 133,954 + ~ : egy k 
but inclusive of the first field effluent:) | Cece eee: 

: rag maa J go per cent. | ma Kan J 92 per cent. att 

ripgoees ler at Aiba ~ first field and 532,777 | reduction. f 70,500 | reduction. Ve 





The actual number of microbes remaining in the effluents is so great that 
too much stress must not be laid on the marked percentage reduction,. 
as compared with sewage, effected in the effluent by the land treatment. 
The averages, however, even if the first field and experimental effluents be 
excluded, are considerably in excess of the suggested standard, viz., 
100,000 (gelatine at 20° C.), and 10,000 (agar at 37° C.), bacteria per c.c. 

The B. coli results as a rule were unsatisfactory, but three of the effluents 
(exclusive of the experimental effluents), contained less than 1,000 B. coli 
perce: 

In the table and diagram illustrating Appendix III. (page 196), the 
results of the examination of effluents from different sewage farms by the. 
“oas” and B. enteritidis sporogenes tests are brought into comparison. 
Only four samples from Leicester were, however, examined by the ‘ gas” 
test. Of these only one gave a satisfactory result. 


Indol test.—(Production of indol in broth culture, 5 days incubation at 


37° C.). 


The following results were obtained by the use of this test :— 


Samples of sewage 128 and 136, both gave a positive result with 
‘00001 c.c. 
Effluents 131, 137, 128, a positive result with ‘00001 c.c. 
ph 130, 143, 145, a positive result with ‘0001 c.c. 
15 129, 132, 139, 140, 146, a positive result with -001 c.c. 
4 147, a positive result with ‘01 c.c. 
As the standard suggested is a negative result with ‘001 ¢.c., it is obvious. 
that, with one exception, all the effluents were unsatisfactory. Nevertheless, 
of the other samples, five came within measurable distance of passing the 


provisional standard. | 
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5s. Results of the bactertological exuminations of additional samples of subsoil water, 
brook water, and brook water mixed with effluent. 


The results of the examination of these samples is shown in Table 12. 


| 


Table 12.—-Showing the results of the bacteriological examination of sainples of brook 
water, subsoil water, &c., obtained from Leicester sewage farm. 








Description of the Sample. 


Total number of bacteria 
per ¢.c. 





Number of Number of 
Spores of B. enteritidis | 


. coli losel : en 
B. "colt (orto laeery, sporogenes (Klein’s “ enteritidis 











Gelatine at Agar at allied forms) per c.¢. change” in milk culture) 
20° C. 37° C. per ¢.c. 
1. 2: 3. ef : 
5. Subsoil water, 7 feet 6 1,320,000 89,000 100, not 1,000 - Negative 10 e.c. 
inches deep (boulder clay) 
15th November 18{9. ; 
6. Anstey Brook water and 63,000 8,400 1,009 not 10,000 - + 1—‘le.e, At least 1 but le 
effluent (below outfalls 1 than 10. 
and 2). 20th November 1899. 
32. General effluent. 3rd Sep- 560,000 45,000 1,000 not 10,000 - + 1—‘lec. Atleast 1 but less 
tember 1900. (Indol + ‘001 e.c.) than 10. 4 
; 
133. Anstey Brook above £40,000 71,000 | 1 not 10- - -| -lee. Nonein lec 
effluent outfalls. 3rd Sep- (Indol + 1 ce, 
tember 1900. direct) 
34. Anstey Brook and effluent 15,300 2,400 | 10not100_ - -| + °1-:01 ees ~Atileast 10 
(50 yards below 132). 3rd (Indol + *‘le.c.) less than 100. 
September 19090. 
35. Same lower down (600 37,000 8,600 | 10 not 100 - -| +1--‘lee. Atleast 1 but 1 ! 
yards below 134). 3rd Sep- (Indol + ‘1 ¢.ce.) than 10. 
tember 1900. 














The subsoil water (sample 5), was taken from a high portion of 


the farm which itself had never been actually sewaged, but which lay 
at a higher level about fifty yards from sewaged land. A hole was 


sunk in the boulder clay on 14th November, 1899, and the sample drawn at — 


a depth of 7 feet 6 inches the following day. Owing to the presence of a 
vein of sandy marl, Mr. Kershaw is uncertain whether sewage contamination 
was altogether absent or not. The results were certainly unsatisfactory, as 
regards the total number of bacteria and B. coli present, but it is noteworthy 
that spores of B. enteritidis sporogenes were absent even from 10 c:c. of the 
water. | 


Experience of freshly made, shallow wells does not lead me to place — 


much reliance on these results. The disturbance of the soil consequent to 
the digging operations introduces a factor impossible to estimate from the 
bacteriological point of view. To obtain results of real value a period of 
weeks, if not months, should have elapsed between the sinking of the hole 
and the collection of samples, and even then, unless multiple samples were 


examined, great discrimination would be called for in interpreting the 


results obtained. 

As regards samples 132, 133, 134, and 135, it is of interest to note that 
133, although containing a large total number of bacteria, contained less 
than 10 B. coli per c.c., and no spores of B. enteritidis sporogenes in a similar 
amount. It is difficult to say why samples 134 and 135, collected lower down 
the brook, and after receiving the effluent 132, should have contained fewer 
bacteria than 133. The B. coli results are more intelligible. The effluent 
above (132), the brook above effluent outfalls (133), the mixed brook and 
effluent water (134, 50 yards below 132), and the mixed brook and effluent 


water (135, 600 yards below 134), contained at least 1,000, 1, 10 and 10, ~ 


B. coli, respectively, per c.c. 

The same samples taken in the same order contained at least 1, none, 
at ieast 10 and 1 spores of B. enteritidis sporogenes, respectively, per ¢.c 
Sample 6 (brook water and effluent mixed), collected 20th November 1899, 
and turbid with rain water, contained 63,000 (gelatine at 20° C.) and 8,400 
(agar at, 37° C.) bacteria; 1,000 B. coli; and at least 1, but less than 10 
spores of B, enteritidis sporogenes, respectively, per c.c. 
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6. General Conclusions.* 


Considered from the bacteriological point of view, none of the effluents 
‘were in a fit state to be turned into a drinking-water stream. The majority 
were even hardly in a proper condition to be discharged into non-drinking 
water rivers. N evertheless, the fact that some of the effluents were 
sufficiently pure to be discharged into a non-drinking water stream, and 
that a fair number of them, although exception might be taken to them, 
came within measurable distance of satisfying reasonable standards, | 
encourages the belief that by acquiring an increased area of land, the 
effluents from Leicester sewage farm might be made uniformly fairly good. 
Whether acquiring a further area of land is practicable or advisable is a 
separate question, and need not be discussed here. The only contention is 
that the results were not so uniformly and unmistakably unsatisfectory 
as to point to the impossibility of obtaining continuously good results with 
and of the kind available at Leicester. 


Addendum A.—Results of the examination by means of simple tests of samples 
obtained from Leicester sewage farm. (Special comparative series of 
experiments. ) 


The tests employed were (1) the “gas,” (2) B. enteritidis sporogenes, and 
-(3) neutral red broth tests. The results are shown in Table 13 and Diagram 8. 


It will be seen from Table 13 that, of fifteen (nine, excluding the Ist and 
2nd field effinents) samples of effluent— 


(1.) Four passed the gas test. 
(2.) Five passed the B. enteritidis sporogenes test. 
(3.) Three passed the neutral red broth test. 


Further, it may be said that as regards tests (1) (2) (8) six, four, and five 
-additional .samples. came within measurable distance of passing the 
respective standards. Roughly speaking, about one-half of the samples 
were fairly satisfactory, and of these about one-half (one-quarter of the total 
number) passed the standards set up for the various tests. 


Addendum B.—Additional notes. 


Animal inoculation eaperiments.—These are included in a separate report, but 
the following brief notes will not be out of place :— 


Two guinea-pigs were inoculated subcutaneously, one with 2 cc. of 
final effluent No. 3, and the other with 2 c.c. of final effluent No. 4. Both 
animals recovered from the effects of the injection. 


A sample of Leicester crude sewage collected on 12th October, 1901, was 
treated as follows: 


_.(a.) Heated to 65°C. for twenty minutes and rendered germ-free by, — 
filtration through a sterilised Pasteur filter. 


(b.) Heated to 80°C. for ten minutes and rendered germ-free by 
oaroees through a sterilised Pasteur filter. 


(c.) Heated to 100° C. for one hour and rendered germ-free by filtration 
through a sterilised Pasteur filter. 


Three guinea-pigs (a, b, c) were respectively inoculated each with 20 cc. 
-of the liquid filtered under (a), (b), and (c) set of conditions. The animals 
were seemingly but little, if at all, affected by the ens and remained 
lively and well. 

A sample of Leicester crude sewage, collected on 12th October, 1901, was 
filtered through a sterilised Pasteur’s filter, and 20 c.c. of the filtrate were 
injected into a guinea-pig. The animal remained apparently unaffected. 

* In drawing these conclusions the results given in Addenda A and B have also been taken 


into consideration, For statistical information see tabular statement at the beginning of this 
Report, Section V. 
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A sample of effluent (No. 137) from Leicester sewage farm, collected on 
12th September, 1900, was found to contain B. pyocyaneus in +5 ¢.c. 0°5 c.c. 
of a broth culture was injected subcutaneously into a guinea-pig. The 
animal died within twenty-four hours. £. pyocyaneus in pure culture was 
recovered from the heart’s blood of the animal. 


Thermophilic baeteria (broth at 68° C,). 


Effluent No. 4 and sample 6 (mixed brook-water and effluent) contained 
thermophilic bacteria in 1 c.c. Sample 5 (subsoil water) contained no 
thermophilic bacteria in 1 c.c. 


Spores of aerobic bacteria. 


Samples 1 (settled sewage), 3 (final effluent), 4 (effluent), 5 (subsoil water) 
contained 470, 870, 800 and 340 spores of aerobic bacteria, respectively, 
perc.c. B. mycoides was not noted in any of the cultures except in those 
made from No. 3. Here B. mycoides was present in the proportion of 10 
per c.c. 


Strep tococer. 


The pressure of other work for the Commission during the period covering 
the Leicester investigations prevented the employment of this difficult test, 
except on a few occasions, when unfortunately negative results were obtained. 
The samples tested were Nos. 1 (settled sewage), 3 (effluent), 4 (effluent), 
5 (subsoil water), 6 (mixed brook-water and effluent). No streptococci 


eould be found in yo300, tooo Po Yo ro ©-¢., respectively, of the above. 
samples. 





A few additional samples obtained during October, 1901, were examuned, bacteriologi- 
cally, as regards the total number of bacteria,and the number of B. coli and indol- 
producing bacteria. The following results were obtained :— 




















Number of bacteria 
peresc: Indol test (indol in 
: : 
Description of Sample. = Namiberiot B..colt broth cultures, five days 
Gelatine at Agar at Leta at 37° C.) 
20° C. Sie OL 
15 Ds Se 4, 5. 

49 Crude sewage - - - 32,600,000 4,500,000 | 100,000 - - - | +:00001 e.e. 

1st October 1901. 
352 Final effluent - - : 41,000 2,700 | Nevative zn ©¢.¢. - | Negative zpg5 ¢.¢. 

Ist October 1901. 
353 General effluent - - 830,000 225,000 | 1,000 not 10,000 - - | +0001 c.e. 

2nd October 1901. 
354 General effluent - 5 940,000 119,000 | - ditto - - - - |} +°001; — 0001 c.c. 

2nd October 1901. 











Of the three effluents only one (352) could be regarded as satisfactory on the basis of the tests employed. 


AppENpum C.—M>. Kershaw’s Abridaed Notes to accompany ~ 
Bacteriological Data.* 


LEICESTER SEWAGE FARM. oe 


Domestic Sewage and Trade Refuse. 





Additional Notes. 
Sample No. 1.—Taken after heavy rain, and rather dilute. 


Sample No. 2.—Surface effluent means one which has travelled over the surface of the land and has not reached’ 
the under-drains. After the sewage had passed over the first field all samples were almost invariably surface and 
filtration effluents, as these effluents are collected in a manhole at the lowest point of the first field and sent on 
to the next field mixed together. No. 2 sample contained some suspended matter and was slightly turbid 


Sample No. 3.—Taken during a sharp shower which apparently affected the effluent as regards suspended. 
matter, and turbidity. 


Sample No. 4.—General effluent. The sewage from which this effluent was derived was very soapy. 


Sample No. 5.—Subsoil water taken from a high"portion of the farm which had never been actually sewagedi 
within 50 yards. The sample was from a small sandy stratum in the boulder clay. 


Sample No. 6.—Water rather turbid at time of drawing. (Taken 80 yards below effluent outfall.) 
Sample No. 7.—Screened and settled sewage, normal. ; 


Sample No. 124.—Screened and settled sewage.—The tank had been cleaned out the day previous to drawing 
samples, and the settled sewage appeared to contain less suspended matter. 


Sample No. 126.—The grass land this effluent came off was in very good condition, 
Sample No. 127s8.—Brook very low, water clear. 

Sample No. 128.—Sewage rather strong. 

Sample No. 1304.—Brook low. 


Sample No. 131.—Final effluent turbid ; some fragments of straw. Bullocks in field probably stirred up some 
sediment. 


Sample No. 132.—General effluent taken from two general effluent outfalls, both flowing at about the same 
rate. Half a sample bottle taken from each outlet. 


Sample No. 133.—Brook about normal and very fairly clear. 
+ Sample No. 134.—A fairly clear sample. 
+ Sample No. 135.—A fairly clear sample. 


Experiment. 


The following samples were taken with a view to ascertaining by daily increased doses of sewage the limit of 
the purifying power of the soil. The daily increment being about 3000 gallons :— 


Sample No. 136.—When this sample was drawn the tanks were being cleaned out, and only one was in use instead — 
of three. The sample did not appear to be particularly strong. 


Sample No. 137.—Final effluent, fairly clear. The sewage was run over an arable field first (6°5 acres) and — 
then on to a pasture field (10°5 acres); total, 17-0 acres. The arable field was stubble, and there was very little: 
grass on the pasture field, the bullocks only having been taken off that day. The dose of sewage was started 
at about 200,000 gallons for the 17 acres per 24 hours, on September 10th, 1900, at noon. 


Sample No. 137.—Owing to the small amount of sewage being applied, only about 2 acres of the arable and _ 
4°5 acres of the pasture were covered by the sewage ; the effluent then reaching the drains through cracks in 
the soil, and could only be obtained after mixing with an effluent from another field. 


Sample No. 138.—This sample was drawn before having mixed with the other effluent. About 2°5 acres arable 
and 4°5 acres pasture were now covered by the sewage. 


The effluent did not appear to be good. About 265,000 gallons of sewage were being sent on to the areat_ . 


Owing to the dryness of the soil, it was thought advisable to soak the land thoroughly, that being the method 
usually employed in irrigating the land, and on September 13th 900,000 gallons of sewage per 24 hours were 
put on the land for 3 days, 3°5 acres arable and 4°75 pasture being covered on September 14th, and the grass 
appeared to have benefited considerably where irrigated. /. 


On September 15th 4°75 acres arable and 4°75 acres pasture were being irrigated, and a large quantity of 
surface effluent was flowing from the grass land, which had greatly improved in appearance. The effluent too 
appeared better. 


On September 16th the whole 6°5 acres of arable and 5 acres pasture were being irrigated, and some surface 
effluent was flowing off the arable. The flow of sewage at noon was cut down from 900,000 gallons to 200,000 
gallons for the entire area. 





* In a few instances samples are referred to in this Addendum concerning which no bacteriological records are 
available. These were extra samples collected by Mr, Kershaw for chemical analysis. 

| With regard to these samples, it appeared likely from the nature of the soil adjoining the brooks, that 
Mere pa of effluent from the farm might under certain circumstances find its way into the brook at various 
points. 

+ When small quantities of sewage are run on to land, the sewage nearly always has a tendency to follow certain 


defined channels, but when the entire surface has been thoroughly wetted, the sewage flows over the- surface 
far more evenly, 
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Sample No. 139. September 17th.—There was not much effluent coming off the pasture land, and it did not 
appear to be very good. The flow was increased to 250,000 gallons at noon. 


Sample No. 140. September 18th.—There was still very little effluent coming off the pasture. A clearer 
sample than No. 139, Sewage flow increased to 300,000 gallons at noon. 


Sample No. 141, September 19th.—This sample was not so yellow in colour as the previous ones, and had very 
little smell. A good crop of grass on the irrigated portion. Sewage flow increased to 350,000 gallons at noon. 


Sample No. 142. September 20th.—A clearer sample than previously. Sewage flow increased to 400,000 
gallons at noon. 


Sample No. 143. September 21st.—This sample did not look so good as the preceding one. This may perhaps be 
accounted for by the fact that the arable land effluent was removed to another portion of the pasture land, in 
order to give the part previously sewaged a rest, as it was becoming over sewaged. This would be equivalent 
to starting a new field. There was an exceedingly poor crop of grass on the non-irrigated portions of the fieldg 
Sewage flow increased to 450,000 gallons at noon. 


Sample No. 144. September 22nd.—This sample of effluent seemed very bad, probably owing to a new piece 
of pasture land being irrigated. Flow increased to 500,000 gallons at noon. 


Sample No. 1444. September 23rd.—The effluent appeared clearer than the day previous. Flow increased 
to 550,000 gallons at noon. 


Sample No. 145. September 24th.—The effluent seemed improving, very slight smell. Grass commencing 
to grow well. Flow increased to 600,000 gallons at noon. 


Sample No. 146. September 25th.—Effluent had a slight smell. The grass appeared to be deteriorating, the 
amount going on appearing to be about the limit the grass land can take without injury. Flow increased to 
650,000 gallons at noon. 


Sample No. 147. September 26th.—The effluent appeared better. A vast quantity of small white worms in 
the sewage, and also in the effluent. Those in the sewage varied in length from + inch to 4 inch, and those in 
the effluent were about ;, inch long. Flow increased to 700,000 gallons at noon. 


Sample No. 148. September 27th.—Not much change in the effluent apparently, the grass not looking so 
well, and much sediment round the roots. 


End of experiment. 


Sample No. 350.—First field effluent, turbid and strong sewage smell. Owing to the tanks being cleaned out ; 
some sewage was being pumped directly on to this field, stirring up the silt. 


Sample No. 354.—General effluent, very yellow colour. This is especially noticeable when bullocks have been 


.. upon the irrigated area, and the grass bruised and trampled upon. 


Sample No. 356.—General effluent, very frothy on being shaken. 

Sample No. 358.—First field effluent ; a lot of suspended matter coming off the arable field. 
Sample No. 362.—First field effluent, black and septic looking. 

Sample No. 365.—Settled sewage after heavy rain, not much sediment. 


Sample No. 366.—Some flocculent suspended matter. 





6225 (iii.) N 


| 


98 






























































‘quonpye pads 0-€ (go) 9-11 | (¥9) L-LE | (89) 9.91 | (19) 1-91 00- 20. a (uoou) 1 aie So 
e388 
M28 poy}jes pus peuserog = = (eg) OIE | (69) LLT | (09) g-st | (09) ¢-s1 00. Z0- = STP.” “LB | 831 
Aeon [ys OF erpemis7a ls LS ms (Sole StL i (h9) Sl-At (69) ~ Sir -)= (0) = 0- 60- ; = Cy oe Z| 8aee 
‘quonpye [eu | — O9-¢ - (gc) L200 | (OL) TI3 | (99) 8st | (9) 9-91 | 00. tae ee os 4s Sea) 5 LOE 
TQIEM FOOT) = 08.9 aa (gc) LOt | (OL) 1-16 | (69) “LT | (19) T.91 00- cI. = gee Ea “ a | qar 
*( Iequreidag t “ oa 
0} gen nry 0d sat es cont "JUONETS oFeIpoulIezUy | —OG-E a (go) 420 | (OL) 1-18 | (TL) 9-16 | (99) 881 00- cl. > (woou) ZT | - @ | PLL 
ce Oe ee eee ‘quonyye [BULT | 0. _ (ey sol G2) £9.12 9) 00%. |S) 2 6ic5| a. Cn we 2e crt: c= Srp wmeal 
Bios oh) 5 . Lee ‘qUONTYe Ploy ISI 0-6 = (1g)> gor 8 (is) Bots (OL) — tte | (at) -3cz cI. 00- ; ay. OG ee ES IS BGat 
° - Jo Ve me Pou cd ; 
“wo, wmurxeu ATrep uvoyy | -Moes palyjes put pousa1og 0-6 = (t¢) OT | (14) 9.16 | (F9) - L-LT | (69) $02 CT. 00- - curd QgZt | - ysusny 1% 
* 0061 
“WIR 944 SurAvsy wo ‘quonyye [euly — —_ = — (FF) 9.9 (FF) 9.9 10: £0. : 272%: i IZ “6. 
syUENPYye peqyeos3 AT[Vuy o1ou | «“ op 
10 OM} JO 91N4XIUI @ 4YURdUI “quenpye prey Isat = —_ = = (GE) G&L (CE) cay), TO: F0- = 7nd OEP 1G 8 
SI ,,guenqyje yeioues,, Aq § ane | z ; —— 
-MOS Po]}Jos PUB PoTIed.10g ae = = = (9c) FT (Gy) mameaa T0- £0: z (woou) ZL | - 1G if 
‘pouljiepun | », (es 
ere = peyurer Aq poqyooye ‘qUON |S puv 10JVA oor = = = — (64) ¥:6 (6r) 6 F0- 00- “ 08% F 06 9 
useq eavy Avur yor sozdureg 24 | « 
“IoyeM [Iosqng = = = = (1g) 01 (6%) F-6 00. 00: : op Ss W ST g 
‘(66ST IOQUIDAON, 48TZ 04 2 p: 
1OQUIGAON Wg potsed oy} 10,7) "QUOTAS [VIIUI4) § = — aa 3 (6%) ¥-6 (0¢) 0-01 00- | 00. 7 hs peri. 
‘yout ee Uae Ajrep eH “‘quoniyo [euly = =< = a (66) ¥-6 (0¢) 0-01 ¥%- L0- : ~~ Se bee ee 
“Ho -8SE Os 9-€ ‘OINYB.19 ‘ ——e 
“m1e9 uMuUTUE ATep weep] ‘quontye Ploy Isa = = aa rs (es) tie | a(zey Di FG: L0- - wed 8 'ZE | - S: Mae 
“Ho (¢-1¢) ‘Deo L-O1 einyeied Geyete) : [eal 
we} wnuTxem A[lep uvey | -Aos polyqos puke poussiog — -- - — (cc) L.2T (gg) TIT a L0- 7 Ul'e CT TL | - 1equiaaon g { 
09 ‘He = “Do ‘Ho “Do ‘He = “De ‘He = “Deo seteuy POTOUy * 6681 
: ; : ‘ejduirg ‘oT ue -o7dwe 
elduiess ‘ejdureg i. ‘SINOY FZ 94} | ‘sin0y FZ OY} ayn gees o | o(dureg | Suraerp ‘vp ee eae 
‘SHAVINT ul Ca 6) Sutmp Sulnp 74 3 mes J SUIABIp 04 Suraesq Jo jo 
a I mesAxoO Aqrpramnyy ainjgeiodmay, | ornqyerodway, 3 ait nelednient jo Aeq One jo owty, ‘ 
uor4gdri0sep Jorg Bie Per ee p ledoad eA manuixeW | smgeredmoy, ly Tresared, ‘eens eyed ToquUinN 























‘HSNdaY ACVAT, GNV ADVAMEG OLLsHWOo” 





Wuvd HOVMUAS UALSHOMT 


99 


“TO6T 1990990, 49h 04 






























































Joquiezdeg yI0¢ potred 944 IO ‘quonyyo [eu — (98) ZI (OL) 1-16 | (6S) 0-91 (149) ¥-61 00: 00- : eae x 0g | %3&é 
‘qouL ego. [[eyurer Ajrep uvoypy "juoNnTYe play puoveg — (98) &&t | (OL) IG | (09) Get | (49) ¥-61 00- 00- - ud O8'BT | - ‘i og; 198 
“Ho (8-8%) 0. G-9 ‘ornqesred 
“wey wnutturm Ajrep urepy ‘quonyy? ply 4811] fe (9g) Got | (OL) 1% | (OL) T-16 | (99) 8-81 00: 00: : (woou) ZI | - og | ose 
“A. (8-99) 0. £-61 ‘ormqered 
we} uMUIxem §=Apep ureyy ‘aSeMOS pousel0G -- (96) G3 | (OL) 1S | (79) LLT | (99) 8-81 00. 00: - "UB OY'IT | - oquuoydag og | GFE 
> 1061 
4 % 08-3 (9¢) €&T (89) 0-06 (Sc) #- FI (69) L-LT ¥0- 9-0 - Dad pie se iz) SFL 
. 5 0-3 (gg) 9-11 (99) 8-81 (9g) €-T (6¢) 0-8 90- 0-0 - ee ola ae : 96 | LI 
- < GS. (Fr) 9-9 (19) 1-91 (19) 1-9T (¢9) §-8T 00- Z0- - or ee xe cz | | SFL. 
: = 1. 02 (68) 8-€ (89) 0-06 (4G) 8-81 (09) ST ZO: 00: ee ee 764 SPT 
ee to Tee (Ig) got , (12) 9.13 | (€9) 321 | (9) €.81 00: 00. : «gr - eg | epP 
a GL-0 (9¢) §€&T (GL) 8.8% (9) GLI (GL) && 00: 00+ : we San Me vs ZS ial 
i 0¢-T (csc) L360 | (HL) €-€8% (19) T-91 (ZL) &2% 00: 00: : = Olas 13 | &FI 
ad ee NS | (Lb) €8 (IL) 9-16 (8c) ¥-F1 (99) 8-81 00- 00: : ea a 0% Gr 
: ‘ GL-T (LE) Ld (49) 61 (69) 06 (69)  ¢.0z 00- ZO: 2 ~ Chie : 61 ital re 
iy 0¢-T (8) TT (IL) 9-13 (29) 9-9T (€9) GLI Z0- 00. - a OCT aae ST cy 
006T Joqmeydag 441g 04 
Jaquiaydeg yyT[ potied oy} 104 % C3. T (4%) $8 (gL)  L:8% (29) 9-91 (¢9) $-8T 00- ZO. S ries |, os He LI 6ST 
‘Your 600. “[reyurer Ayrep uvoyy a ss 0-€ (Ih) 0-¢ (69)  ¢-0G ($9) GLI (€4) L366 00- 00: : eT CaS I SéI 
“A. (66-SF) O. GL ‘ommpesed 
“wey wmutuT Aptep uvoyy ‘quonpye [VU GLE (sf) 1-9 (FL) €-8% (09) ¢.ST (6¢) 0.eT 00- 00. = “aad: 7) bs . il 16 
"Ho (LT-OL) O. G18 ‘ernyered "aDCMOS 
“meg wnuxeu ATIep uvoy | peyqqos pues pousel0g ae (ZF) ¢-¢ (99) 8-8T (¢9) GLI (¢9) $-8T 00- 00- . (woou) ZT | - i OT 9€T 
“LNEWIYRd XY 
2 pst Pe “ 00- (Gr) 9g (9) LLT | (89) FFT (49) L-LT 00- 00- : - a i) o € Sél 
“qHONTYS pUv 19}VM YOOI_ | 00-9 (GF) gg (9) LL (L$) 8-81 (69) 9-91 00- 00- - urd Og'ST | - ¢ € rel 
“ST[BJQNO Que 
NPFS 9Ao{e IozVs WOOT 0g-9 (Zh) Gg (9) — LL (9¢)  €-€T (9) GLI 00. 00- (aoou) ZI | - : ¢ eel 
‘quenpye [e1suex) 08-€ (Zh) Gg (79) LL (62)  0-ST (69) GLI 00- 00- “ Gb IL | - toquieqdeg ¢ cel 
‘quonpye [eur | 0-0 (FF) 9.9 (10) oe | (9) Ltt | (99) 88t 00- 00- : pt OBSTT 31 = Se 06H asTSEr Mee 
“‘gdentye, jena: 0-3 (6%) #6 (TL). 916. | (88) FPL. |) (19). TOT 00- 00- =) tO OF ET tie |) 08 das 
‘JayEM Yooig 0¢-¢ (6%) ¥-6 (TL) 9-16 (8g) ¥-#1 (29) 9-9T 00- 00- = (moou) Zt }- = “ 6B] YOST 








100 


~ = " 2 = a . - - x iv ? 7 





OS eS SS Oe ep i ale 


‘— i tos 












































-o3BMO8 (ia set gee Srey | SIUUL OF TT és 
pages = pue =~ peuearog — eae _ — — —— 00- 00- 0} “pe ge 2 ad i €1 LP 
‘aSBMOS ; _f TUR oe"TT Kai : - ‘ 
sojdures sinoy FG pajyjes pure —_ peuserag ai oe ns bas, ee = 00: 00- sony, WH e * 4 al OLF 
“OBA OS “UUR OE TT OF 
pe[yqes = pues peuse10g = —s or — — My | 00- aous ,,¢ | uop wd 06°61 ee It 694 
: 4 “6 
‘quonpyo [e1oue;) a a (Gh) G&L (e9) oLt | (G9) Let | (99) €8T PI: 00- : es aa i 89 
THT" . e a O 
‘qnonyye [VU oa = (ch) GL (g9) oLT | (FG) 3st | (99) €-8T FI- 00. - “wd 0ST if L9€ 
“ 7 ms “ . 
‘oon Be POU Ie = as (¢h) GL (€9)  3-LT (Fo) 33r | (4) 8&1 FI: 00- : 0€ TT ¥ 99% 
“QORBMOS ~ : ur ; Ke 
pees = pue=—s potmear0g — == : (Sh) S£- (¢9) SLI (79) FLT (LG) 9ST ¥I- 00- | - me TT F cog 
. = se f “ epgt | - sug) 9S 
quonpye [B1ouer) (FF) 9-9 (9) ¢gt | (19) T9T | (19) T-9T 00 00 
‘quOnpye [CULT me ee (rye 9:9 (¢9)  €-8T (29) 9-9 (79) L-LT 00: c00- = wd ctcrae & €9€ 
‘quonpye prey Sit Pe ONE (FF) 9-9 (¢9) ¢st | (89) 0-06 | (99) 8-8T 00: ¢00- : GUILE € BE 
‘OSBMOS ren : : z : 
petyqes = puw —_ peusa.10G a ee (Ff) 9.9 (¢9)  €-8T (¢9) €-8T (09) ET 00- 00. : ut? 0 OI € 19 
‘quonpyo [euly ae =a (0g) 0-01 (g9) 0-02 | (29) 9-9t | (69) GLI ¢00- €0- : hype ar ise 3b 09€ 
& "TTT *. * S “ Cc 
“qUONPJe Play puoceg Se = AP (08)? 20-01 (9) 0-06 | (19) T-9T (69) 9-91 ¢00- €0- wd 0¢ ZI 3b 6°E 
’ f = “OTT [f> tf z Sites 
‘quenTYye Pley IS1ty seat ae ie (0) ODT (89) 0-06 (¢9) €-8T (9) 9-91 ¢o0 £0 
"OSV.MIS 4 Fe 0 : we CLT it Cy Log 
petyes = pues petee.1Og ae = le (OST 0-08 (89) 0-02 (¢9)  €-8T (29) 9-91 c00- €0- ¢ 
| 55 3 oh G 
‘quon[ye [B1ouex) a te (4%) 9-9 (89) 0-04 (6¢) 0-1 (89) 0-06 £0- 00- : - ud T I 9S€ 
"ODVMOS | ; fang!’ > ye 
poyvjes = pue = patude.10g az oul (Fr) 9-9 (39) 0-06 | (79) “LT | (19) ¥F-61 €0- 00- (uoou) GI ecg 
= ms — : Sng | Rk 3 
‘QSVMOS Pouse10g SS == = — = * a 
i ‘ ‘ os (+) 9.9 | (s9) 0.06 | (6s) O-gt | (99) 81 £0- 00- ; a 2a 8 Me Mee) else 
- ‘ul’ , -  1aq00 2c 
‘quonTye [e10Uex) a as (FF) 9-9 (99) 0.06 | (9¢) &8T | (99) €8I £0- By Se pe at py 
0° We Bel iyi SUF) ed 5s Oo emer erred me 
: . ‘a[ deg ‘ojdureg 
; -eydure edureg ; etdureg oT 
atdureg -ajdureg Cure g) | Smor Fs om ‘soy 7% OU} aTaures are 70 oe | SULAeIp “kep 2 - 
. ur ouLInp suLimp jo Oulty iS ft wy 04 snotaoid OUIMBIP JO J 
fae ae 3° uesAxo £ oinyersduse} | o1nqerodure, ainqerodu10} jo Atp ep fo owty, | ’ 
poajosstq |? PESTA | wnurarpy WINX BI] I t Tere | eyuresy ayer requ N 
uor4gdiosep Joud : sg , 9IN}VI9AdW4 J, ITV : 











*(ponutju09)—"asSOaay ACVYT GNV AYVAAS OlLsAWOd—"DAOVAHS UALSAOIAT 


101 


LEICESTER SEWAGE FARM. 


(Domestic S—ewacE AND TRADE REFvss). 


_ Table of Samples other than Sewage. 





Number 


of 


Sample. 


~ 


125 
126 
127a 
127b 
127 
128a 


129 
130a 


130 
131 
132 . 
133 


134 
135 


137 
138 


139 





Number 
of times the 
sewage was 
passed over 

the soil. 


Once. 


Three times. { 
Twice. { 
Once. 


Twice. 


Once. 
Twice. 


Once. 


Twice. 
Once. 





Twice. 


Twice. { 


Twice, { 


»> 


| 





Area of 
plot or plots 
sewaged at the 
time of drawing 
sample. 


Acres, 
13°59 


14°59 
11°30 


8°57 
16°90 


6°87 


10°7 


6°34 
16°90 
19°18 


22°25 
19°18 
22°25 


19°18 
22:25 


6°5 
10°5 
10° 


10°5 














Length 


of time these 


plots had 


been sewaged 


previously 
to drawing 
sample. 


Days. 
*38 


} 38 


27 
27 


32 


32 


12 
12 
13 


13 
18 
18 


21 
21 








Nature 
of 
crops grown 
on plots. 


Arable (no crops) - 


Permanent pasture 


Arable and permanent 
pasture. 


Arable (no crops) - - 
Permanent pasture’ - 


Fallow (no crops) - - 
Permanent pasture 


Fallow (no crops) - 


Permanent pasture 


Fallow (no crops) - 
Permanent pasture 





Fallow and permanent 
pasture. 








Remarks, 





Sample consisted of surface and 
filtration effiuents. BE 

Very slight sewage smeii; rain 
during drawing of samples 
stirred up sediment on fields 
somewhat. Surface effluent. 

General effluent, slight sewage 
smell. 

Subsoil water, drawn 7 ft. 6 ins. 
deep from sand partings in the 
boulder clay,chalky appearance 

Water from the Anstey Brook, 
drawn below outfalls Nos. 1 
and 2. (Brook rather high). 

*Slight sewage smell. Surface 
effluent and filtration effluent. 
All fields sewaged continwously 
both day and night, 

Surface and filtration effluent, 
very little smell. 


Surface and filtration effluent, 
slight sewage smell. 

Surface and filtration effluent. 
very slight sewage smell. 

Surface and filtration effiuent. 
slight sewage smell. 

Water from Anstey Brook above 
the effluent outfalls. (Brook 
rather low). 

Surface and filtration effluent. 


9 Er) ” 


by 9) 22 
Water from the Anstey Breok 
above the effluent outfalls; 
volume of brook about 1°5 
million gallons per 24 hours. 


Water from nstey Brook 
general effluent. 
Water from Anstey Brook 


effluent, sewage smell. 

General eftiuent ; about 1,000,000 
gallons flowing per 24 hours. 
Water from Anstey Brook above 

effluent outfalls ; brook about 
normal. 
Effluent and brook water 50 yards 
below sample No. 132. 
Effluent. and brook water 600 
yards below sample No. 134. 





10 
ll 
12 
13 
14 
15 
16 


= 








Fallow and permanent 
pasture (stubble). 

Fallow and permanent 
pasture (stubbie). 

Failow and permanent 
pasture (stubble). 


Fallow and permanent 
pasture (stubble). 


| Fallow and permanent 


pasture (stubble). 
Fallow and permanent 

pasture (stubble). 
Fallow and permanent 

pasture (stubble). 


| Fallow and perimanent 


pasture (stubble). 
Fallow and permanent 
pasture (stubble). 
Fallow and permanent 
pasture (stubble). 
Fallow and permanent 
pasture (stubble). 
Fallow and permanent 
pasture (stubble). 
Fallow and permanent 
pasture (stubble). 








Filtration. sample, surface 
effluent. 


Filtration and surface efHuent.. 


no 


Filtration and surface effluent 
after field had received asoak- 
ing of sewage. 

Filtration and surface effluent. 


Filtration and surtace efiluent. 
Efiuent very bad. 
Filtration and surface effluent. 


” ” 2 


” 37 9? 








Bley ot 
a | 
»e\VIHa «.s | 


~- Number#| Number 


of times the 
sewage was 
passed over 


ne of 


‘Sample. the soil. 





| 


350 Once 
351 Twice 
352 | 3 times 
3590 - 
304 — 
356 — 
358 Once 
359 Tyyice 
36) 3 times 
362 Once 
363 3 times 
364 = 
366 Once 
367 3 times 
368 — 
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LEICESTER SEWAGE FARM—continued. 

















| 
Length 
Area of of time hone Nature 
lot or plots lots ha 
egaaed “= the Ree sewaged of. Remarks. b 
time of drawing| previously crops grown. 
Sample. to drawing on plots. 
sample. 
Acres. Days. f 
19:28 20 Fallow (no crops) - - | Surface etituent, sewage smell. 
W2ei7 21 Rye grass and perma- | Surface effluent. 
nent pasture. 
5°88 10 Permanent pasture -.| Surface effluent, a clear sample. 
= = Fallow and permanent | Surface efiiuent, general effluent. 
| pasture. 
= | — Fallow and permanent | Surface effluent sample. General 
| pasture. effluent. 
a | -- Fallow and permanent | Surface effluent sample. General 
| asture. effiuent. 
19°28 2: Fallow (no crops) - - | Surface effluent. 
hoe fy 23 Fallow, rye, and per- | Surface and filtration. 
manent pasture 
5°88 12 Fallow, rye, and per- “ gat 
manent pasture. 
19:28 23 Fallow (no crops) - - | Surface effluent. 
12°77 \ 13 f| Fallow, rye, and per- | Surface and filtration effluent. 
{ 5:88 J (| | manent pasture. 
— —_ Fallow, rye, and per-| Surface and -filtration effluent. 
manent pasture. General effluent. 
19:28 24 Fallow (no crops) - - | Surface effluent. 
5 12°77 \ 14 f| Fallow, rye, and per- | Surface and filtration effluent. 
U 5°88 \ manent pasture. 
— — Fallow, ‘rye, and per- | Surface and filtration effluent, 
manent pasture. General effluent. 





LEICESTER SEWAGE FARM. 


* Comparative Samples, or samples taken from the same plots of land. 





First (or arable) 
field effluents. 


Second field ( 


rye grass) effluents. 


pasture or 





Nos. 
(127a) 
(128a) 


(350) 
(358) 
(362) 
(366) 








Nos. 





(351) 
(359) 





Final Effluents. Remarks, 

Nos. 

(127) * By comparative samples is meant 

(129) samples drawn from the same areas of. 

(131) land, and the effluents in brackets are 
comparable with each other so far as 
the area of the land sewaged is con- 
cerned. 

(352)+ + Samples Nos. 352-367 were treated on 

(360) (or had passed over) three fields. 

(363) 

(367) 
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SECTION VI. 





SOUTH NORWOOD SEWAGE FARM. 





1, Situation of farm.—Closely adjacent to South Norwood. 


bo 


. Total acreage of farm.—191 acres. 


we) 


. Total irrigable area.—152 acres. 
4, Average area irrigated at one time.—d0 acres. 


. Population draining to farm—21,000.. 


Or 


6. Population per acre irrigated.—138. 
7. Gallons of sewage per head per day.—28’5. \ 
8. Dry-weather flow of sewage per 24 hours.—600,000 gallons. | 


9. Gallons of sewage (exclusive of storm water) treated per acre per 24 
hours. —12,000—(©%), | 


60 
10. Gallons of sewage treated per acre per 24 hours, on the assumption 


that each acre of irrigable area is under sewage all the time (this for purpose 
of comparison (“°)—4,000 gallons. 


T8r 
11. Characters of the sewage.—Purely domestic. 
12. Method of treatment.—Screening, settling tanks, and surface irrigation. 
13. General characters of the soil and subsoil. —A clay soil resting on clay. 
14. Separate or combined sewerage system.—Partially separate. 


15. The final effluent is discharged into.—Chaftinch Beck. 


16. Number of years farm in operation before 1900.36 years, 
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A full description of South Norwood Sewage Farm will be found in 
Mr. Kershaw’s report. (Part [V. Engineering and Practical Report.) Here 
it is permissible only to note very briefly a few of the more important points. 


The soil of the farm is clay, resting on clay. There is practically no subsoil water on the farm 
and only very little gains access to the sewers. The sewage is entirely domestic. The sewerage 
system is partially separate. The method of treatment may be described as settling, screening, 
and surface irrigation with some filtration. The sewage is treated at least twice, the number of 
‘times depending a great deal on the size and length of the plots in relation to the line of flow of 
‘the sewage. There are no storm overflows, and consequently during heavy storms the farm has 
to treat a greatly-increased volume of sewage. About one-sixth of the irrigable area is under- 
drained. Mangolds, oats, and mint are grown on the farm, but the staple crop is rye-grass. ‘The 
effluents flow into a ditch which joins the Chaffinch Brook close to the farm. ‘‘ The total area of 
the farm is 191 acres ; 152 acresare actually irrigated, and this area deals with 600,000 gallons of 
sewage (excluding storm water) per 24 hours. With the present population and 28°5 gallons of 
sewage per head this amounts to 138°15 persons, or about 4,900 gallons per acre. About one-third 
of the total available irrigable area is used at one sewaging, which corresponds to about 12,000 
gallons per acre per day.” 


The following is a summary of the several sections of the report in so far as 
at relates to South Norwood Sewage Farm :— 
1. Tabular Statement and Summary of the chief bacteriological results. 


2, Diagram 9 illustrating the results shown in Table 14 with 
comments thereon. 


3. Results considered in relation to Mr. Kershaw’s notes. 


4. Results in relhtion to tests other than the B. enteritidis sporogenes 
test. | 


5. Results of the bacteriological examination of additional samples of 
brook water, mixture of brook water and effluent, and samples of street 
“washings.” 


6. General conclusions. 

Addendum A.—Comparative records as regards (a), the “gas,” and (b), 
B. enteritidis sporogenes tests of samples obtained from South Norwood as 
well as other sewage farms. 

Addendum B.—Additional bacteriological notes. 

Addendum C.—Mr. Kershaw’s abridged notes to accompany bacteriological 
data. 

1. Tabular Statement and Summary of the chief bacteriological results. 

The following table (Table 14) shows as regards the total number of 

bacteria, B. coli, and spores of B. enteritidis sporogenes, the results of the 


bacteriological examination of four samples of sewage and thirty-three 
samples of effluent. . 


6225 jiii.) O 
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; 


; 4 
Taste 14.—-Showing:as regards the total number of bacteria, B. coli, and spores: of B 
enteritidis sporogenes, the results of the bacteriological examination of samples of 


sewage and effluents obtained from South Norwood Sewage Farm. 


¥ 


‘ 


Total Number of bacteria 








per ¢.c. 
serinti f the Sample. 
Pere aii be i Gelatine at Agar at 
20° C. 37°C. 
1, 2. 3: 

21 Settled sewage - : - 12,800,000 2,050,000 
2.15 p.m., 9th Jan. 1900. 

28 Settled sewage 53,000,000 6,500,000 


‘2.45 p.m., 22nd Jan. 1900. 


170 Crude sewage 69,200,000 11,840,000 


12 noon, 7th Noy. 1900. 














176 Settled sewage - = - 59,400,000 5,040,000 
12 noon, 20th Nov. 1900. J CS 
Average - - - 48,600,000 6,357,500 
22 First field effluent - - 2,430,000 370,000 
3.15 p.m., 9th Jan. 1900. 
23 Final effluent - - - 2,336,000 108,800 
5.15 p.m., 9th Jan. 1900. 
25 First field effluent - - 12,800,000 770,000 
2 p.m., 16th Jan. 1900 
26 Finalefiluent — - - - 760,000 26,000 
3 p.m., 16th Jan. 1900. 
27 First field effluent : - 8,400,000 700,000 
2.45 p.m., 16th Jan. 1900. 
29. Second field effluent -- oh Ps 3 112,000 1,800 
4 p.m., 22nd Jan. 1900. 
30 Finaletfluent  - : - 414,900 16,600 
4.45 p.m., 22nd Jan. 1900. 
31 General effluent - - - 1,620,000 83,000. - 
4 p.m., 30th Jan. 1900. | 
35 General effluent - - - 1,570,000 66,000 
3.30 p.m., 29th Jan. 1900. 
171 Final effluent - : . 96,000 8,900 
2.30 p.m., 7th Nov. 1900. 7 
175 Finabeffiuent 0 $).4- Ve 183,400 5,100 
2.45 p.m., 14th Nov. 1900. 
177 First field effluent - - 11,200,000 | 3,664,000 
1 p.m., 20th Nov. 1900. 
178 Final effluent — - - - 19,200 980 
3 p.m., 20th Nov. 1900. 
180 Final effluent = - - - 6,700 1,040 
1.45 p.m., 21st Nov. 1900. 
181 First field effluent - - 7,280,000 1,260,000 
2.15 p.m., 27th Nov. 1900. | | g 
= 
183 First field effluent -  - || 3 4,360,000 400,000 
1.30 p.m., 28th Noy. 1900. | |% 
184 General effluent - - F 3 3,800,000 148,000 
2.15 p.m., 28th Nov. 1900. | { § 
S| 
185 Finaleffluent - - -||% 284,000 5,100 
2.45 p.m., 29th Nov. 1900. my : 
ca 





186 Finaletiluent  - é ask 
11.45 a.m., 30th Nov. 1900. 














Number of 


Number of Spores of B. enteritidis { 

Is. coli (or closely : sporogenes (Klein’s “enteritidis _ 
allied forms) per ¢.c. change” in milk culture) 

per ¢.c. : 


: 
4. 5. ‘a 


At least 100,000 - | +°01,-— 001 c.e.- At least 100 but 
> less than 1,000: 

ditto - - | - ditto - ditto, 
ditto - -| +:001,-°0001 e.c. At least 1,000 
but less than 10,000. ‘ 
- ditto .-, -| +-001¢c. At least 1,000. 


‘ 
[Ratio cols. 2 to 3=7°6: 1] q 


10,000 not 100,000 - | +:01,-—-001 ¢.e. At least 100 





but less than 1,000. ee 

At least 1,000 - | +°‘Oleec. At least 100. P 
At least 100,000 - | +'1,-"01 ce. At least 10| & 
03) )\ but less than 100. 3 ; 

1,000 not 10,000 - sy i 1 cc. At least 1 pus "> 
less than 10. E 4 

‘ aS 

| At least 100,000 - | +:01,--001 ce. At least 100 ) = 
but less than 1,000. Z 

100 not 1,000- =- | +1,-"1l ee. At least 1 but| 8 
less than 10. a 

~ £ 

-  ditte’ 2-022 Meaipig = sane ie cae 2 
a 

1,000 not 10,000 - |. +:01,- 001 ee. At least 100 | & 
erika but less than 1,000. * 

At least 1,000 - | - ditto’ ©. > @itto. J ; 
3 

: 


At least 10. - - |. +1,-0l «ec. Atleast 10 but 
less than 100. 5 


1901. 










10 not 100° - = - |. 4-0, 001 c.es At least 100 
but less than 1,000. 


wary 


At least 100,000 -|- ditto - — ditto. 


eer a 


and Jan 


Atleast 10 - = -| +'1-‘Oleec, Atleast 10 but 
less than 100. 


cl 











100 not 1,000- = - | +1,-‘lee. At least 1 but 3 
less than 10, a 5) 

a 

At least 10,000 - | +:1,-‘Olec. Atleast 10 but |S 
less than 100. s 

- ditto - -|-  — ditto - ditto. i 
- ditto - |= ‘litho "7a a 
3 

At least 100 - - | Nonein lec. e 
f=|. 

— +1,-‘1 ec. At least 1 but ; 


less than 10. 
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TABLE 14—continued. 


















































Total Number of bacteria 
per ¢.c. : Number of 
' ; Number of Spores of B. enteritidis 
Description of the Sample. | B. coli (or closely sporogenes (Klein’s “ enteritidis 
; Gelaiine at Agar at allied forms) per c.c. change ” in milk culture) 
20° C. / sn C. per e.e. 
i 2. 3. 4. 5. 
== 
187 Finalefiluent = - - - 116,000 79,000 | At least 1,000 -| +:1,-Oleec. At least 10 but\ 
12 noon, 3rd Dec. 1900. less than 100. 
Jes Final effluent; --. - «+ - 810,800 67,000 | Atleast 100 - - | dt, —21,¢.ch..At-leasted but 
12.45 p.m., 3rd Dee. 1900. less than 10. 
189 Finaleffluent »- -  - -- - -- - “ditto - ditto. 3 
12.30 p.m., 7th Dec. 1900. : = 
> 
190 First field effluent - - 13,400,000 2,736,000 | At least 100,000 -/| + -00l ec. Atleast 1,000. 3 
12 noon, 10th Dee. 1900. q 
La) 
191 Finaleffluent’~ - : : 610,000 13,200 | Atleast 100 - -} wievinee. At least: 1 but: | ry 
1.30 p.m., 10th Dec. 1900. | | 2 less than 10. | 
q . n 
192 Finaleffluent -  - 2 116,000 POM ee ditto” =e aditgay =, © ditto: 3 
1 p.m., 11th Dec. 1900. c= = 
193 First field effluent - - 3 760,000 181,000 | Atleast 10,000 -| + ‘1,--Ole.e. Atleast 10 but S 
13th Dee. 1900. 5 - less than 100. 2 
ov 
194 Final effluent - - - eI 670,009 10,400 | At least 1,000 + 1,-‘l.ee. At least 1 but| A 
13th Dee. 1900. m less than 10. s 
| 3 
195 First field ettuent .. - ~ 178,000 15.900 : owe + *1=<01 c.e.<: At least 10 but | 3 
ll a.m., 17th Dec. 1900. less than 100. 3 
: oO 
196 First fieldeffluent - - 9,900,000 2,830,000 | At least 100,000. - as 5 
12.45 p.m., 19th Dee. 1900. A 
wy 
197 Final effluent - - - 3,790,500 804,000 s ditto - - — a 
2 p.m., 19th Dec. 1900. af 
= 
198 Finaleffluent - - - 4,310,000 143,000 | At least 10,000. - — g 
1.40 p.m., 20th Dee. 1900. 7) 
99 First field effluent - - 15,600,000 3,840,000 | At least 100,000 - | + -00le.c. At least 1,000. 
2.30 p.m., 2nd Jan. 1901. 
“/< 
00 Final effluent = - - - 5,470,000 960,000 . ditto - - | +)°01,-00l¢.c. Atleast 100 
3.45 p.m., 2nd Jan. 1901. Mes ~~ “ but less than 1,000. 
Averages - => - | . 3,658,093 | 623,130 [Ratio cols. 2 to 3=5°8 : 15 
(Effluents 22 to 200). [92% reduction ][90% reduction] 
Averages = = - 2,996,207 415,872 |: [Ratio cols. 2 to 3=7-2 : 1] 
(Effluents 22 to 1860). [93% reduction ]|[93% reduction] 
Averages - - - Jisoue | 35,157 [Ratio cols. 2 to 3=22 : 1] 
Exclusive of the first and second [98% reduction]/(99% reduction] | 
field and — experimental 
effluents. ) 





The following is a brief summary of the results shown in Table 14. 
Sewage :— 
The total number of bacteria was over ten million (gelatine at 20°C.), and on the average between 


one and ten million (agar at 37°C.) per c.c. B. coli numbered at least 100,000 pere.c. B. enteritidis 
Sporogenes varied in number from 100 to 1,000 per c.c. 


I fiuents -— 
- The effluents varied very much in their biological composition. 


Total number of bacteria (gelatine at 20°C.) per c.c. :—In four samples the number was ovei ten 

tillion. In twelve samples between one and ten million. In twelve samples between 100,000 and 

one million. In two samples over 10,000 but less than 100,000. In one sample between 1,000 
and 10,000. [Provisional standard, less than 100,080 per ¢.c.} 


_ _ Lotal number of bacteria (agar at 37°C.) per c.c. :—In five samples betweea one and ten milion, 
In ten samples between 100,000 and one million. In nine sampies between 10,000 and 100,000, 
In six samples between 1,000 and 10,000. In one sample less than 1,000. |Prov:-‘onal standy d, 
less than 10,000 por c.e.j 
6225 (iii.) : 02 
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B. colt (and closely allied forms) per c.c. :—In eight samples 100,000. In six samples 10,000: 
In six samples 1,000. In seven samples 100. In three samples 10. [Provisional standard, less. 


than 1,000 per c.c.] 

Spores of B. enteritidis sporogenes per C.C. :—In two samples 1,000. In eight samples 100. In. ; 
nine samples 10. In ten samples 1. In one sample none in lc.c. [Provisional standard, less tham . 
10 per c.c.] 


The classification of the effluents into ordinary (Ist field, 2nd field, final, general) effluents and. 
experimental (1st plot and 2nd plot) effluents, and the different results yielded by these will be: 
considered later on in the report. 


2. Diagram 9 illustrating the results shown in Table 14, with comments thereon. 


The results are shown in graphic form in Diagram 9. 


By referring to Diagram 9 it will be seen that certain horizontal lines are 
drawn indicating provisional standards (non-drinking water streams). 


All samples which, according to these standards, did not fufil the following 
requirements would be tentatively condemned :— a 
° 
. 


(1.) Total number of bacteria (gelatine 20°C.). Less than 
100,000. | 
(2.) Total number of bacteria (agar at 37° C.). Less than 7 
10,000. per ¢.c. ; 
(3.) B. coli. Less than 1,000 - - - - - - ) 
(4.) B. enteritidis sporogenes. Lessthan10 -— - I 
As regards (1) only 3 out of 31 effluents proved satisfactory. f 
_ , (2) 7 out of 31 effluents passed the standard. i 
nf e (3) 10 out of 30 effluents were satisfactory. a 
e , (4) 11 out of 30 effluents passed. | | 


In the above summary the Ist and 2nd field and experimental effluents 
are included. Excluding these, then :— ‘ 


As regards (1) 3 out of 9 effluents 


m2 (2) 4 yp gp os “passed ” the standards set 
of 5 (3 rere ee ae a up for these tests. 


” ” (4) 3 ” ” ” 


As judged by these standards, the majority of the effluents examined 
proved unsatisfactory. 

The variable biological character of the various effluents is striking. Thus, 
while some were nearly if not quite as impure as raw sewage, others showed 
a fairly high degree of purification. On the average, and considering all the 
effluents together, the results were unsatisfactory, although they show that — 
the treatment of sewage by land, even in cases where the land is not very 
suitable for the purpose, appears to effect a considerable reduction in the 
total number of bacteria, and the number of B. coli. and of B. enteritidis 
sporogenes. Excluding all but the final and general effluents, the results 
were fairly good. 

The results show that a broad parallelism exists between the total number 
of bacteria and the number of B. coli and of B. enteritidis sporogenes present” 
per c.c. in the effluents, but the exceptions to this rule are too frequent to 
allow of implicit reliance being placed on such a seeming agreement. 

The results, judged as a whole, do not lend colour to the belief that land 
of the kind available at the South Norwood sewage farm could be worked — 
in practice so as uniformly to yield a really good effluent. But as so many 
of the final and general effluents either passed or came within measurable 
distance of passing the standards suggested, it may be added that, if an 
additional area of land could be acquired so as to reduce the existing dose 
of sewage per acre of land, a majority of the resulting effluents would doubt- 
less be found to be fairly satisfactory. 6 . 5 

The marked (as a rule) difference between the first field effluents and the 
finally-treated effluents is well shown in the diagram. It is important to 
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note this point, because it indicates that, given an adequate area of land 
in relation to the amount of sewage to be treated, it is possible even for 
tand of bad quality to yield satisfactory results. 


3. Results considered in relation to Mr. Kershaw’s notes.* 


Omitting in the first place a consideration of the experimental ettluents, 
and taking the B. enteritidis sporogenes test as a useful means of gauging 
the degree of purification effected by the land treatment, it is to be noted 
that seven [22 (first field effluent), 23, 27 (first field effluent), 31, 35, 175 and 
177 (first field eftluent)] effluents yielded 100 spores of B.. enteritidis 
sporogenes per c.c., and, therefore, must be regarded as undeniably unsatis- 
factory. All of these, with the exception of 175, are noted as being either 
cloudy or having a sewage smell or as being possessed of both these characters. 
Further, as regards 27, it appears that ‘the furrows of one of the arable 
fields ran longitudinally with the flow of the sewage, thus effecting very 
little purification.” 381 and 35 were samples of general effluent, and as 
regards the former it is noted that the rainfall had largely increased the 
flow. As regards 175 the bacteriological results judged by other tests were 
not unsatisfactory. 

Turning next to the good effluents, as judged by the, B. enteritidis 
sporogenes test (provisional standard less than 10 per c.c.) it is to be noted 
that samples 26, 29, 30, and 180 were satisfactory. None of these smelt 
offensively (with the exception of 180, slight smell) according to Mr. 
Kershaw’s notes, and they also had a longer contact with the soil than some 
of those previously considered. 

Passing next to the experimental effluents 181 to 200, it may be said 
that the effluents treated over 1 plot (181, 183, 190, 193, 196, 199) were 
usually worse than the effluents treated over 2 plots (185, 186, 187, 
188, 189, 191, 192, 194, 195, 197, 198, 200), which is as might be antici- 
pated. As regards the former, none out of five, in respect of the latter, seven 
out of ten, effluents passed the B. enteritidis test. 

The conditions of the experiment are thus described by Mr. Kershaw :— 
“Two arable fields were employed for this experiment (November, 1900), 
of the areas of 1°25 and 1:0 acres respectively. The land in question had 
a crop of mangolds during the summer, and had not been sewaged since 
February, 1900, and no artificial manure had been applied; the plots were 
freshly ploughed about 8 inches deep two days before commencing the 
experiment. The sewage was treated twice, being run from the first on 
to the second plot. The quantity of sewage treated per acre per 24 hours 
was increased daily from 3,000 gallons the first day by equal increments of 
1,500 gallons to 39,000 gallons on the 20th December. The second plot 
of arable received whatever effluent came off the first plot.” 

“The sewage was run on to the first plot at noon, November 26th, 3,750 
gallons going on to the 1°25 acres.” | 

From this point onwards the reader is referred to Mr. Kershaw’s 
accompanying notes (Addendum C), and it should be specially noted that in 
connection with sample 195 (17th December, 1900) he remarks that the 
land was beginning to smell and sewage weed to appear. 

As regards the general bacteriological results, it appears that the effluerts 
were at first very bad, later they improved somewhat, although sample 180 
(1 plot) was most unsatisfactory ; still later, from the time when Mr. Kershaw 
noticed tiiat the land was beginning to smell until the close of the experiment, 
the results were undeniably unsatisfactory. 

Too much stress must not be laid on the importance of these experimental 
observations. To be of real use the investigation would need to be modified 
in a number of ways and extended over a period of some years. But, broadly 
speaking, the results are of some interest, since they tend to show, as might 
have been anticipated, that the continuous application of sewage (in the 
amounts stated) to land of the kind available at South Norwood speedily 
results in fouling of the land, and in the production of evil odours and 
objectionable effluents. Nevertheless, considering only the early stages of the 
experiment, a fair proportion of the 2nd plot effluents were satisfactory. The 





* Addendum ©, page 117. 





ee 
So Se oe 


Se an 














LS 


+ = SS ay ee ae ee 


SONS See Sr ae 


a 
—— SS 














Say aT 


a 


110 


marked (as arule) difference between the Ist and 2nd _ plot effluents is worth 
noting, because it tends to show that, given an adequate area of land 
available for sewage purification purposes, land even of an unsuitable 
character, can probably effect any reasonable degree of purification. 

As regards a classification of the effluents, Mr. Kershaw’s notes show that 
they may be divided into ordinary effluents and experimental effluents. The 
former may be sub-divided into 1st field, 2nd field, final and general effluents : 
the latter, into 1st and 2nd plot effluents. All the general, but not the final, 
effluents included the effluents from the bacteria beds after they had been’ 
passed over the land. | 

For fuller details rezarding the various samples, reference must be made’ 
to Addendum C. : 


4.—Results in relation to tests other than the B. enteritidis sporogenes test. © 


So far the records as regards B. enteritidis sporogenes have’ been chicfly’ 
considered, and it is necessary to make a few brief remarks in relation to 
other tests. , 


The average number of bacteria in the sewage and effluents is worth. 
noting : . 














Gelatine at 20° C. Agar at 37° C. Rati 
Microbes per c.c. | Microbes per c.c ech 
Sewage - - - : - : : 48,600,000 6,357,500 T6214 


; as 3 Ko nga f 92 per cent. | f 90 per cent. 

Effluents (inelusive of the Ist and 2nd 3,658,093 f ; é 633,130 i 558+: 2k 
field and experimental effluents). ¥ aeaure10n.J Xi pedtedtion® 

Effuents (exclusive of the Ist and 2nd 778,322 Mees ie i 


99 per cent. 
: : 35,197 : 322 <1 
field and experimental! effluents) BES tg oct rel 


uction. | 











Although the figures undoubtedly represent a high percentage degree of 
purification, the actual number of microbes remaining even in the final . 
effluents is so great that mere percentage reduction must not be regarded as 
of too much importance. Moreover, the number of samples of finally treated 
effluents was not sufficiently numerous to make these average figures 
absolutely reliable. 

It might perhaps have been hoped that, even if the total number of — 
bacteria was not reduced to a satisfactory extent, at ail events the ratio 
of the number of bacteria growing in agar at 37° C., as compared with those 
growing in gelatine at 20° C., would be altered in the right direction. The 
opposite, however, was found to be the case when the good, bad, and 
indifferent effluents were all classed together, the ratio in the case of the 
sewage being 1:7°6, and as regards the eftluents 1: 5:8. Nevertheless, 
when the Ist and 2nd field and experimental effluents are excluded, the 
final and general effluents do indeed show a greater proportionate reduc- 
tion in the microbes capable of growing at blood heat than in the bacteria 
growing in gelatine at 20°C. The figures being 1 of the former to 22 of 
the latter. 

Reverting once more to the average figures (exclusive of the Ist and 2nd 
field and experimental effluents), namely, about 780,000 (gelatine at 20° C.), 
and about 35,000 (agar at 37° C.) bacteria per cc., the results do not, - 
perhaps, indicate that land of the kind available at South Norwood could - 
be worked in practice so as uniformly to yield effluents passing the standards 
of less than 100,000 or 10,000 microbes, respectively, per c.c.; but these 
results certainly show that even surface irrigation over clay land can effect a_ 
remarkable percentage purification of sewage, and an actual purification 
coming within measurable distance of passing the suggested standards. 

About one-thircYof the total number of effluents passed, and a number of 
others came within measurable distance of passing, the B. coli as well as - 
the 5. enteritidis sporogenes standards. As regards the final and general 
effluents (7.¢., exctuding the experimental and. partially tested effluents), the - 


x 4 
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results as regards the B. coli test were decidedly good, as all the effluents 
either passed or came near passing the standard set up for this test. 

In the Table and Diagram, illustrating Appendix IIL. (page 196) the results 
_as regards the “gas” and B. enteritidis sporogenes tests are brought into 
comparison Out of 21 samples of eftluents of all kinds, five passed the 
“gas” test.and nine the B. enteritidis sporogenes test. In addition, nine 
samples came within measurable distance of passing the former and eight 
samples the latter test. " 


indot test. (Indol in broth cultures, five days at 37° C.) :— 


The following results were obtained by the use of this test : 
Samples of sewage 28,170 and 176 all gave a positive result with 00001 c.c. 


- Effluents 25, 28, 177, 181, 190, 196, 197, 199, 200 gave a positive result 
with ‘00001 c.c. 


Effluents 26, 27, 183, 184, 193, 198, a positive result with ‘0001 c.c. 


e 31, 55, 180, 187 ‘ ¢ lp OLUC.G. 
i 178, 185, 188, 191 J va aetebaag NN caee 8 
' 171, 175, 192, 194 KEE Se 

S 29 and 30 a negative result with ‘O01 c.c. 


_ ‘These figures run broadly parallel with the B. coli results. The standard 
suggested for effluents discharging into non-drinking water streams is a 
negative result with ‘001 c.c. Ten out of 29 effluents of all kinds passed 
this standard. Excluding the experimental and partially treated effluents, 
about one-half of the effinents were satisfactory on the basis of this test. 


D. feesults of the bacteriological examination of additional samples of brook 
water, mature of brook water and effiuent, and samples of street “ washings.” 
In Table 15. the results of the examination of these samples are shown: 


TABLE 15.—Showing the results of the bacteriological examination of samples of brook 
water, street water, etc., obtained from South Norwood Sewage Farm. 





Total Number of bacteria 
per c.c. | I Number of 
B noe A Spores of B. enteritidis 
; eer) sporogenes (Kleins ‘‘ enteritidis- 





Description of the Sample. 




















Se loriots Agar at | allied forms) per €.C. | change” in milk culture) 
20° C. 37° C. | per ¢.c: 

31 Combined effluents (rate of 1,620,000 83,000 | 1,000 not 10,000 —- | °0J,-."00L c.c. 100 but less than 
flow 14 million galions per (Indol +001 ¢.c.) 1,000. 
24 hours). 30/1/00. 7 

32. Chaftinch Brook above junc- .) 7,900 1,100 | 100 not 1,000 - | +10 ¢.¢.,-lee. None in 1 ec. 
tion with efiluents (rate of (Indol +01 e.¢.) 
flow about 500,000 gallons 
per 24 hours). 30/1/00. 

33 Chaffinch Brook water and 103,000 11,900 | At least 1,000 -{| +'1,-‘Ole.c. At least 10 but less 
effluent (20 yards below the ee (Indol +-:001 @.¢.) than 100. 
effluent outfall). 30/1/00. ; ; 

34 Same lower. down (466 470,000 12,400 ©} 1,600 not 10,000 .- | +°'0l¢.c. At least. 100. 
yards below 33). 30/1/00. (Indol +001 ¢.¢.) 

174 Brook (represents street 1,470,000 | 88,000 | At least. 10 - - | +°01,- 001 c.c.. At least 100 but 
“washings”). 14/11/00. (Indo] +°1 ¢.c.) less than 1,000. 

179 Surface water from streets 3,840,000 293,000 | 10,000 not 100,000 - | +-J,—-Ole¢.c. At least 10 but less 
21/11/00. (Indol + 00001 ¢.c.)} than 100. 

182 Street water after running 13,700,000 154,000 | 10,000 —- 3 +°01,--001 e.e. At least 100 but 

2 hours. 28/11,00. (Indol + 0001 ¢.e.) | less than 1,000. 

188B Street ‘‘ washings” after 9,900,000 380,000, §),1,000. =: 2-2 - - ditto  « — ditto- 
running 4 hours. 1/12/00. (Indol +001 e.c.) 








__—__ 


At time of collection, ratio of brook water to effluent about 1 to 3. : ; 
_ _ Samples 174, 179, 188B. yielded. the following results as regards. the “gas” test (“gas” in gelatine “shake. cultures 
n 24 hours at 20°C.) :—+°1,- ‘Ol ce. ; + Ol cc.; +°1,- 01 ¢e., respectively. 
Two guinea-pigs (a, b) were subcutaneously inoculated with 1c.e. (a) and 2¢.¢. (6) of sample 188B. 
(a) Guinea-pig developed a big swelling at the site of the inoeuiation, hut eventually recovered completely. 
(6) Gruinea-pig died on the second day. 
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The brook water (32) above (about 20 yards) the point of discharge into 
it of the effluent was by no means a pure water, although not nearly so 
impure as the effluent (31). 


The mixed brook water and eftluent (33) collected about 20 yards below 
the effluent outfall was purer than the effluent (31) and much more impure 
than the brook water alone (32). The sample (34) collected lower down 
(about 466 yards below 33) the brook was, curiously enough, less satisfactory 
than the one collected higher up (33). Assuming no serious contamination 
between the two points of collection, this would seem to indicate that flowing 
the distance of about a quarter of a mile would not sensibly improve the 
biological condition of a polluted river water. But from the bacteriological 
point of view, small importance attaches to these isolated observations, 
although, from the chemical stand-point, they may yield results of considerable 
value. At the time of the collection the volume of effluent exceeded the 
volume of river water. , 


Of far greater interest are the results of the examination of the samples 
(174, 179, 182, 188B) of street “washings.” All the samples were very 
impure and, indeed, did not differ to any great extent in their biological 
composition from samples of dilute sewage. 2 c.c. of sample 188B injected 
subcutaneously into a guinea-pig, killed the animal within two days. 

The grossly impure character, from the bacteriological pot of view, of 
these samples, representative of street ‘“ washings,” is a point which must not | 
be overlooked in the future. 


6. General conclusions.* 


The results as a whole were not altogether satisfactory, but the finally- 
treated effluents were by no means so unsatisfactory as to prove that land 
of the kind available at South Norwood could not possibly be worked so as 
uniformly to yield a fairly good effluent. In order to effect this an additional 
area of land would be required, which may seem an impracticable suggestion ; 
but it needs to be remembered that the extra area of land assumed to be 
necessary, where the land available is of either distinctly unsuitable or in a 
less degree ill-suited adequately to treat sewage, has probably been greatly 
under, not over, estimated in the past. 


The general results are of an encouraging nature, inasmuch as they 
clearly show that even clay land can be worked so as to yield final effluents 
which, as compared with the crude sewage, show a remarkable degree of 
percentage purification and an actual purification by no means of a low order. 

Considered from the bacteriological point of view, none of the effluents 
were in a fit state to be turned into a drinking-water stream. 

Addendum A.—Comparative records as regards (a) the “gas” and (b), 
B. enteritidis sporogenes tests of samples obtained from South Norwood as well 
as other sewage farms. 


These results are shown in the Table and Diagram, illustrating Appendix 
III. (page 196), and they include all the samples (from other sewage farms 
besides South Norwood) which were examined by both of the tests. 


As regards the “gas” test, five samples passed and ten additional samples 
came within measurable distance of passing the standard suggested, viz., a 
negative result with 0-1 c.c., out of a total of 21 samples. 


As regards the B. enteritidis sporogenes test, out of a total of 21 samples 
nine samples passed and eight additional samples came within measurable 
distance of passing the standard suggested, viz., a negative result with 0-1 ¢.c 


Excluding the partially-treated and experimental effluents, two out of five 
and three out 6f five samples of effluent, respectively, passed the standards — 
set up for the above tests. 








* For statistical information see tabular statement at the beginning of this Report, Section VI. 
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Addendum B.—Additional bacteriological notes. 
Streptococci (surface agar plate ‘cultures at 37° C.) — 
Streptococcus 4 was isolated from ‘001 c.c. crude sewage 21. 

Me Bet - A ‘01 c.c. effluent 22. 

A OS ae 6 ” ee ” ‘O1 C.C. 7) 23. 
Streptococci 15 and 16 were isolated from ‘001 c.c. sewage 176. 

Streptococcus 1. was isolated from °01 c.c. effluent 177. 

TAN streptovocei could be'found in ‘1 cc. effluent 178. 


The. following is, a. brief description of the morphological and _ biological 
characters of the streptococci above referred to :— 


Streptococcus 4.—Isolated from ‘001 c.c. sewage 21 (surface agar plate 
cultures at 37°C.) | 

Morphology.—Stains well by Gram’s method. Unquestionably a strepto- 
coccus. Chains short. 

Agar (37° C.) and gelatine (20° C.) plate cultures.—Minute, slow-growing, 
transparent-looking-colonies:: Observed under a low power of the microscope, 
colonies faintly granular in appearance with a clean edge, no loops of cocci 
visible at the periphery. | 

Gelatine “ streak” cultures (20° C:)—Minute, transparent-looking colonies. 
No liquefaction. ‘ 

Broth cultures (37° C.)—Uniform turbidity. 

Litmus milk. cultures (37° C.)—Fairly strong acid but no clot. 


Remarks.—N on-pathogenic to mice. 


Streptococcus 5.—Isolated from ‘01 c.c. effluent 22 (surface agar plate. 
cultures at 37° C.). 

‘Morphology.Stains well by Gram’s method. Unquestionably a strepto- 
coccus. Short chains, but longer than streptococcus 4 (see Plate IIL, 

FigteZ)soacii te 
Agar oe and porbtet (20° C.) plate cultures.—Resembles. strepto- 
coccus 4, but colonies even more minute, slow-growing and Te 
ae | 

Gelatine “streak” cultures (20° C.)—Resembles LE epeoonate, * but 
colonies:even,more minute. 


Broth’ cultures’ (37° C.)—Diffuse but not very abundant. cloudiness 
Deposit at the foot of the tube somewhat granular in character,: erie) 


Litmus milk cultures (37° C.)—Fairly strong acid but no clot. 


Remarks.~+Non-pathogenic to mice. 


Streptococcus 6.—Isolated from ‘01 c.c. effluent 23 (surface agar plate 
cultures at 37° C.). 


Morphology.—Stains well by Gram’s method. Unquestionably a 
streptococcus. Short to medium chains, longer than streptococcus 5 on the 
average (see Plate IIL, Fig. 8.) 


Agar (37° C.) and gelatine (20° C.) plate cultures.-Resembles strepto- 
coccus 4 very closely. 


Gelatine “ streak” cultures (20° C.)—Resembles. streptococcus 4 very 
closely. 


6225 (iii.) P 
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Broth cultures (37° C.)—Mixture of diffuse and granular cloudiness; at 
foot of tube granular-looking deposit. 
Litmus milk cultures (37° C.)—Fairly strong acid but no clot. 


Remarks.—N on-pathogenic to mice. 


Streptococcus 15.—Isolated from ‘001 c.c. sewage 176 (surface agar plate 
cultures at 37° C.). 


Morphology.—Stains well by Gram’s method. Chains short to medium. 
Involution forms well marked; many of the elements oval in shape and 
swollen-looking. Bacillary forms numerous (see Plate III., Fig. 9). 


Gelatine “ streak” cultures (20° C.)—Minute, transparent-looking colonies. 
No liquefaction. 


Broth cultures (37° C.)—Diffuse cloudiness. 
Litinus milk cultures (37° C.)—Fairly strong acid but no clot. 


Remarks.—Non-pathogenic to mice. 


Streptococcus 16.—Isolated from ‘001 ¢.c. sewage 176 (surface agar plate 
culture at 37° C.). 


Morphology.—Stains well by Gram’s method. Chains of medium length. 
Involution forms well marked (see Plate III, Figs. 10 and 11). 


Gelatine “ streak ” cultures (20° C.).—Minute, transparent-looking, slowly- 
growing colonies. No liquefaction. 


Broth cultures (37° C.)—Slight granular cloudiness at foot of tube ; viscous, 
stringy growth. 


Litmus milk cultures (37° C.)—Little or no visible change. 


Remarks. —Non-pathogenic to mice. 


[? Streptococcus 17]|.—Isolated from ‘01 cc. effluent 177 (surface agar 
plate cultares at 37° C.). 

Morphology.—Stains well by Gram’s method. Chains of irregularly- 
shaped cocci. (?) aggregated together to form coherent masses (see Plate IIL, 
Fig. 12.) 

Gelatine (20°C.) and agar (87° C.) “streak” cultures. 
resembles that of a streptococcus. 





The growth 


Broth cultures (37° C.)—The broth remains transparent; at the foot of the 
tube a few small granular masses may be seen. Later these combine to 
form one or more large coherent masses. 


Litmus milk cultures (37° C.).—Acidity but no clot. 


Remarks.— Identity with the streptococcus class somewhat doubtful. 


Animal inoculation experiments.— These are dealt with in a separate report. 
on the subject, but it may not be amiss again to record them as briefly as 
possible. 


South Norweod street washings, after running four hours, 5th December 
1900.—Two guinea-pigs were inoculated subcutaneously, the one (A) with 
I c.c., the other (B) with 2 cc of the sample. Although (A) guinea-pig 
eventually recovered it developed a big swelling and was ill for some days. 
(B) guinea-pig died on the second day. 


South Norwood settled sewage (samples A, D, G), collected on 10th, 11th, 
and 12th September 1901.—In each case a guinea-pig was inoculated sub- 
cutaneously with 3 c.c. of the sample, and death resulted within 24 hours. 


S15 


South Norwood 1st field effluents (samples B and E), collected on 10th and 
11th December 1901.—Two guinea-pigs were respectively inoculated sub- 
cutaneously, one with 3 c.c. and the other with 6 ¢c.c. of each sample. The 
two “sample (B) guinea-pigs” died within three days, and the two ‘sample 
(E) guinea-pigs ” within two days. 

South Norivood Sewage Firm, 20th November, 1900.—Two guinea-pigs were 
inoculated subcutaneously, the owe (#x)-with 1 c.c. of settled sewage 176, the 
other (B) with 4 c.c. of jinal effluent 178. (A) guinea-pig had a slight, 
swelling at the site of the inoculation, but otherwise remained unaffected. 
(B) guinea-pig showed little or no reaction. 


South Norwood \st field effiuent (H), collected during rainy weather, 12th 
September, 1901.—In this experiment guinea-pigs inoculated with 3 c.c. 
and 6 c.c. respectively of the sample recovered. 


South Norwood final effluents (C, F, and I), collected respectively on 10th, 
11th, and 12th September, 191)1.—In each case two guinea-pigs were inocu- 
lated, one with 3.c. and the other with 6 c.c. of the sample. The animals, 
however, all recovered from the effects of the injections. 


South Norwood setiled sewage (sample D), 11th September, 1901.—Some of 


the sewage was heated to 80° C. for ten minutes, and then 5 c.c. were injected 
subcutaneously into a guinea-pig. The animal recovered. 


South Norwood settled sewage (sample G), 12th September, 1901..-Same 
conditions of experiment as in the previous experiment, but here the anima] 
succumbed on the second day. 


South Norwood setiled sewage (samples A, D, G), collected on 10th, 11th and 
12th September, 1901. The sewage in each case was heated to 100° C. for 1 
hour and guinea-pigs severally inoculated subcutaneously with 10 c.c. of the 
samples. The restlt was negative. 


South Norwood settled sewage (samples A, D, G, J), col'ected on 10th, 11th, 
12th, and 18th September, 1901.—The sewage in each case was jiltere! 
through a sterilised Pasteur’s filier and 20 c.c. of the Altrate injected subcv- 
taneously into rodents. The result was negative in each case. 


South Norwood effluent from 1st field, 10th September, 1901 (sample B) — 
3.¢.c. of the effluent were injected subcutaneously into a guinea-pig. The 
animal died on the third day, and from its heart’s blood a pure culture of B. 
pyocaneus was obtained. 
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PLATE III. 


Fig. 7. Streptococcus 5. Microscopic preparation from a broth culture 
(24 hours at 37° C.)—-Stained by Gram’s method. 


[Magnifying power, 1,000. } 


& 


Fig. 8. Streptococcus 6. Microscopic preparation from a broth culture 
(24 hours at 37° C.)—Scained by Gram’s method. | 


[Magnifying power, 1,000. ] 


Fig. 9. Streptococcus 15. Microscopie preparation from a ‘broth culture 
(24 hours at 37° C.)-—Stained by Gram’s method. | “i 


[Magnifying power, 1,000. ] 


Fig. 10. Streptococcus 16. Microscopic preparation from a broth. culture 


{48 hours at 37° C.)—Stained by Gram’s method. 


[Magnifying power, 500. | 


Fig. 11. The same as figure 10, but a higher magnification. 


[Magnifying power, 1,000. | 


Fig. 12. [? Streptccoccus 17.] Microscopic preparation from an agar 


culture (24 hours at 37° C.)—Stained by Gram’s inetkod. 


[Magnifying power, 1,000. } 
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SOUTH NORWOOD SEWAGE FARM. 
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Sh sn 















































Numt Area of Length 
Number tsps : 7 in tote of time those Nature 
SENUD OE WAR eae wo He a plots had been of i 
f sewage was sewage sewaged Remarkal 
© passed ‘through; at the time BERS SH crops grown 
eee or over the of drawing P Aes = 
ie dh soul. Sample. Ss aple on plots. 
ee 
Acres. Days. } 

22 Once. 65 Ryegrass - - - | Cloudy appearance, sewage smell. 
{ | continuously. 

\ss | Three times. { 4 3 ‘5 - . - | Slightly cloudy, very slight sew- 
| continuously. age smell. 

25.5 | Once. - 3°80 2 _ - -  % | @loudy, slight sewage smell. © 

continuously. 

26 | Twice. 4°40 2 is - - - | Fairly clear, no smell. 

/ continuously. 
pee | Once. 6°50 Arable - - -| Effluent rather cloudy. 
continuously. ee 
{ 29 | Twice. { ee \ 2 Ryegrass - - | Opalescent effluent no smell. — 
| continuously. ‘ — 
(30 | Three times. 2°30 2 és - + + | Fairly clear. 
ee continuously. : 

3 ae | General effluent - - > : e - 3 : ty yellowishcolaia 

32 Water from Chaffinch Brook taken 20 yards above effluent outfall - | Rather turbid. 

33 Water from Chaffinch Brook taken 20 yards below effluent outfall oe | yy Yellowish colour. 

34 Water from Chaffinch Brook taken 466 yards below No. 33 - - - % Fe 3 ia 

35 General effluent PP 
171 Twice { on \ 2 Ryegrass - +  - | Clear, no smell. 

continuously. 

r {| 3:60, 1-30, 

175 Four times. POs) 70, 4 Rye and arable - a > 
\| Arable. 
(ee | Once, 3°40 3 Ryegrass - -  - | Strong sewage smell. 

73 2°40 3 . 
178 apres times. { 1-70 3 Rt = c a Slight ” ” 
180 » { mae " 3 % - : - Slight smell, yellowish colour. fe 
180a " 3°40, 1:30, 2° 2 55 : 5 : ct yellow colouty 

| 
EXPERIMENT. 
181 Once. 0°25 1 Arable - - - - | Surface effluent, cloudy. ape 
183 ” 0°32 iD “ts 1 - - - + P35 rather cloudy. 
184 i pes eu = General effluent, cloudy, ne 
18 smell. 
5a Once. 0°40 3 he - - - enriges effluent, fairly | clear. be 

185 | Twice. 04401 2 ii le - = clear, no anal 
86a Once. 0°46 4 ae ae -. | Surface effluent, fairly clear, n¢ 
186 f smell. 

Twice. 0:46+0°12 3 pron as - - - | Surface effluent, no smell, clear. 
{sh Once © 0°55 5 55 + ae - - | Surface ofudnt, fairly clear. © 
\ 187c Twice — 0°55+0°18 4 on Be = y- oe ee pe, clear, ne 
isva 0 smell. 
( ‘ Jnee 0:70 7 apertie enters - | Surface effluent; yellow — colour 
k 187 : Ad | slight sewage smell. 4 
we Twice 0°70 +0°20 6 » - + + + | Surface effluent, suspended matte 
a Once 0°80 9 3 (tote Eigen 8 3 » sewage smell. - 
188 Twice 0°80+0°24 , 8 ad yee - - - Ss slight “sewags 
1892 O smell, rather choudy. 
f nce 0°88 ll Vr dh the 3 - | Surface effluent, slight sea 
: ll, cloudy. © 
(189 Twice 0:88 +.0°30 ~~.) gymetet ntti peta Sista oflaensell ae 
1). smell, greenish. a colour 





in 
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SoutH Norwoop SEWAGE FarM.—Domestic Sewage—continued. 



































{ 
Length 
d Number Area of sarees Nature 
Number | of times the plot or plots “ ee sears roe 
of sewage was sewaged P 6 mips Ff of R k 
passed through} at the time ce ha ti crops grown STRATED: 
Sample or over the of drawing j daw on plots 
soil, Sample. Sample. 
Acres. Days. 
189b Once 1:25 12 Arable - Surface effluent, strong sewage 
smell, slovdy, suspended 
matter. 
189¢ Twice 1+0°36 11 ee - Surface effluent, slight sewage 
smell, yellow colour. 
190 Once 1:16 14 : - Surface effluent, sewage smell, 
cloudy. 
191 Twice 1°16+0°38 13 ee : Surface effluent, slight smell, 
clear. 
19la Once 118 15 eae bes Surface effluent, sewage smell, 
fairly clear, yellow colour. 
192 Twice 1°18+0°42 14 ie ese - Surface effluent, clear, yellow 
colour, slight sewage smell. 
193 Once 1:20 17 = - Surface effluent, sewage smell, 
cloudy. 
194 Twice 1:20 +0°50 16 ad Dic - Surface etijuent, rather cloudy, 
slight smell. 
194a Once 1:20 18 ene - Surface effluent, cloudy, sewage 
smeli. 
194b Twice 1:20 + 0°55 iri 5 - Surface effluent, clear, yellow 
colour, slight smell. 
194¢ Once 1:25 19 Sms Surface effluent, cloudy, sewage 
smeii. 
194d Twice 1:25 + 0°58 18 ate: Surtace _ eftiuent, suspended 
matter, cloudy. 
igda Once 1:25 21 Feeigants Surface effiuent, putrid smell, 
‘ eloudy. 
{ 195 Twice 1:25 + 0°58 20 ui Surface ea slightly cloudy, 
no smell. 
196 Once 1:25 23 S - Surface effluent, strong sewage 
smeli, cloudy. 
197 Twice 1:25 +0°60 22 say - Surface effluent, turbid, sewage 
smell. 
197a Once 1°25 24 ee - Spat cues strong sewage 
smell, cloudy. 
198 Twice 1:25+0:70 23 iy Surface efflueut, sewage smell, 
yellow colour. 
199 Once 1:25 37 pe ee - Surface effluent, very foul efflu- 
ent. 
200 Twice 1°25 +0°80 36 athe - Surface effluent, strong sewage 
smell. 
er A LE TE 
6225 iii, Q 
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¢ £ SOUTH NORWOOD SEWAGE FARM, 


\3 


(Domestic Sewage.} 


ADDITIONAL NOTES ON SAMPLES.* 


.Sample No. 27.—In this case the furrows of one of the arable fields ran longitudinally with the flow of the 
sewage, thus effecting very little purification. 


Sample No. 31.—The general effluent was flowing at the time of sampling at the rate of about 14 million gallons 
per 24 hours, the rainfall had largely increased the flow. 


Sample No. 32.—The Chaffinch Beck was flowing a good deal above the normal flow owing to recent rains, 
Rate of flow about 500,000 gallons per 24 hours, or in the proportion of one of stream water to three of effluent. 
The stream did not appear to be in very good condition. This sample was drawn 20 yards above the point 
where the effluent discharges into the stream. 


Sample No. 33.—This sample was drawn 20 yards below the effluent outfall. Some sewage weed below the 
effluent outfall at the sides of the stream. 


Sample No. 34.—This sample was taken 466 yards below sample No. 33 ; no sewage weed observable. 
Sample No. 175.—The sewage from which this effluent was obtained was treated over four separate plots. 


Sample No. 174.—Surface water “from streets and front roofs, turbid, taken after sharp showers the day 
previous, and also whilst drawing the sample. 


Sample No. 179.—Surface water from streets after moderate showers ; streets washed fairly clean by previous 
rainfall, 


Samp'e No. 180s,—Brook water (Chaffinch Beck) and effluent, taken 55 yards below effluent outfall, a good deal 
of sewage weed in the stream, volume of effluent to stream approximately as 3 to 1. 


Sample No. 182.—Surface water from streets, very full of grit and very turbid, Sample was drawn after the 
surface drain had been running for three hours ; surface water channel contained whitish sewage weed. 


Sample No. 1874.—Surface water from streets after a slight rainfall (04 inch). ej 


Sample No. 188s.—As No, 187a, very turbid, sample taken after drain had been running for four hours (-20 inch 
raintall). 


rag: EXPERIMENT. 


Note.—Two arable fields were employed for this experiment of the areas of 1:25 and 1-0 acres respectively. 
The land in qiestion had a crop of mangolds during the summer, and had not been sewaged since February, 1900, 
No artificial manure had been applied; the plots were freshly ploughed about 8 inches deep and. ridged two 
days before commencing the experiment. The sewage was treated twice, being run from the first on to the second 

lot. The quantity of sewage treated per acre per 24 hours was increased daily from 3,000 gallons the first day, 
by equal increments of 1,500 gallons, to 39,000 gallons on the 20th December. The second plot of arable 


t 
4 


“received what ever effluent cams off the first plot. 


Sample No. 181.--The sewage was run on to the first plot at noon, November 26th, 3,750 gallons going on to the 


1°25 acres. 


This sample was drawn from the effluent which had passed through the surface soil down to the clay subsoil 


‘and filtered through cracks in the latter to the pick-up grip at foot of plot. This grip was about 30 yards from: 


the nearest point where the oncoming sewage showed. : 
There was a very small flow of effluent and not sufficient to reach the second plot, owing to the cracks in the’ | 
soil. The sewage going on to the land was soapy and fairly strong. 


Sample No. 183.—Taken after 4,500 gallons per acre had been going on plot, sewage black and septic looking, ~ 


_ partly, no doubt, owing to being backed up in the pipe carrier by the gauging board, some deposit taking place. 


& mere dribble of effluent going on to the second plot as noon. sae 
Sample No. 1854.—Taken after 6,000 gallons had been going on per acre; sewage about normal; about 


~ 2,000 gallons per 24 hours going on to second plot (area 1:0 acre). 


Sample No. 185,—This was a sample similar in all respects to No. 181. There was very little effluent coming off. 
Samples No, 1864, and No. 186.—After 7,500 gallons going on first plot, 2,800 on the second plot; sewage 


‘about normal. Owing to the increased flow the sewage did not appear to be septic, and golids were not held 


back. 


Samples No. 1878, and No. 187c.—After 9,000 gallons first plot, 3,000 gallons second plot. Almost the whole 
of the first plot had now been sewaged. Previously only about two-thirds of it had been covered owing to small 
amount of sewage puton. The sewage had not yet reached the top of the plough cuts. 


Samples No. 187p and No. 187.—After 12,000 gallons and 5,000 gallons ; sewage rather dilute. 
Samples No. 1884 and No. 188.—After 15,000 and 7,500 gallons; sewage very dilute. 


Samples No, 1894 and No, 189.—After 18,500 and 11,250 gallons ; sewage very dilute, most of it being rain 
water. Tanks cleaned out the day previous. 


Samples No. 189z., and No. 189c.—After 19,500 and 13,125 gallons; sewage stronger than the previous day. 
Samples No. 190s. and No. 191.—After 22,500 and 18,800 gallons; sewage normal. 
Samples No. 191a. and 192.—After 24,000 and 23,000 gallons ; sewage fairly strong. 


Samples No. 193 and No. 194.—After 27,000 and 18,000 gallons; sewage much stronger ; a great deal of 
froth on the effluent from the first plot. 


Samples No. 1944 and No. 1948,.—After 28,500 and 23,000 gallons ; sewage strong. Almost the entire surface 
of the second plot had now received sewage. . 


Samples No. 1940 and No. 194p.—After 30,000, and 23,000 gallons ; sewage normal. 


Samples No. 1954 and No. 195.—After 33,000 and 26,250 gallons; sewage about normal; land beginning 
to smell, sewage weed in pick-up grip at bottom of first plot. 

Samples No. 196 and No. 197.—After 36,000 and 33,750 gallons. 

Samples No. 1974 and No. 198.—After 37,500 and 40,000 gallons ; rainfall on first plot caused this excess on 
the second plot. Sewage very dilute. 

Samples No. 199 and No. 200.—Sewage dilute. After increasing the amount on the first plot to a constant 
flow of about 39,000 gallons per acre per 24 hours, and about 36,000 gallons on the second plot, no more 
semples were drawn until January 2nd, 1901. The sewage had thus been flowing on to the two plots at the 


-1ove rate for 12 days, continuously, night and day, and the plots appeared thoroughly overworked, both 
efiluents appearing foul. 








Ja a few instances samples are referred to in this addendum concerning which no bacteriological records are 
ava'..vie. Those sampics were extra ones, collected by Mr. Kershaw for chemical analysis. 








Effluents treated 


over one plot. 
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SOUTH NORWOOD SEWAGE FARM. 








(DOMESTIC SEWAGE). 


*Comparative Samples. 


Effluents treated 
over two plots. 


Effluents treated 


REMARKS, 
over three plots. 





No. 





Arable land. 

No. 

+181 
183 © 
185a 
186a 
187b 
187d 
188a 


189a 


189b 


1$la 
193 
194a 
194¢ 
195a 
196 
197a. * 


199 





6225 (iii.) 











No. No. 
26 23 *By “comparative” samples is n.¢ nt 
samples drawn from the same areas of 
land, and the effluents in bracketz are 
comparable with each other so far as 
t'.e area of land sewazed is concerned. 


171 Maia 





Arable land. 
No. 
a + Strictly speaking, the same daily areas 
ig of land were not sewaged until late in 
the experiment. 





186 =a 
187e = 


187 _ 





188 ae 
189 =. 
189¢ — 
191 | 4 
192 = 
194 = 
194b seal 
194d i= 
195 ae 


197 — 





198 = 


200 = 
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SECTION VII. 


NOTTINGHAM SEWAGE FARM. 





1. Situation of farm.—Stoke Bardolph, about 5 nnles from Nottingham. 
2. Total acreage of farm.—907 acres (1900). 

3. Total irrigable area.—651 acres (1900). 

4. Average area irrigated at one time.—300 acres. 
*5. Population draining to farm.——258,584. 


397. 





6. Population per acre irrigated. 


“i 


Gallons of sewage per head per day.—27. 
8. Dry weather flow of sewage per 24 hours.—7,000,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre per 


24 hours. —23,300 = (2°02), 





10. Gallons of sewage treated per acre per 24 hours on the assumption 
that each acre of irrigable area is under sewage all the time. (This for 


a ot ee pee 7,000,000\ __ 1) es 
purposes of comparison) (2°) = 10,750 gallons. 


11. Characters of the sewage.---four-sevenths domestic, three-sevenths 
trade effluent. 


12. Method of treatment.—Screening (partial) and land filtration. 


13. General characters of the soil and subsoil— Light sandy loam anid 
gravel overlying gravel and sand. 


14. Separate or combined sewerage system. —-Combined. 
15. The final effluent is discharged into. River Trent. 


16. Number of years farm in operation before 1900.— 19} years. 








* It will, however, be seen from Mr, Kershaw’s report that a considerable proporticn of the 


secal matter is kept out of the sewers, 


K 





— eS 140s». i eee: 


J 


—_— 
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A full description of Nottingham sewage farm will be found in Mr. 
Kershaw’s report. (Part IV., Engineering and Practical Report.) A few 
of the more important points may here be alluded to, namely, as follows :— 


The sewage contains a considerable proportion of trade refuse. The treatment consists of 
screening (partial) and land filtration. he soil of the farm may be described as a light sandy loam 
and gravel overlying sandand gravel. It is admirably adapted for sewage purification purposes. 
Almost no subsoil water reaches the under-drains on the farm. It appears from Mr. Kershaw’s 
report that a good deal of the feecal matter is kept out of the sewers. The subsoil leakage into the 
sewers is small. There is no separate system. The storm overflows come into operation when 
the rainfall exceeds } in. in the 24 hours. The sewage is only passed through the soil once. The 
entire farm is under-drained. Generally speaking the land is continuously sewaged for 12 hours, 
“rested” for 12 hours, and then sewaged again. The effluents pass by means of a ditch into 
the River Trent. The volume of the latter is, under ordinary conditions, 60 to 400 times the com- 
bined volume of the effluents. The crops grown on the farm are various, but ryegrass, mangolds, 
and cabbages are the chief. The gross area of the farm is 907 acres (245 pasture, 615 arable) ; 


the irrigable area 651 acres (35 pasture, 615 arable). “ This area of 651 acres deals with (excluding 
storm water) seven million gallons of sewage per 24 hours, which is equal to 10,752 gallons per acre, 
or 397 persons per acre, approximately. Three hundred acres are irrigated at one time, which 
corresponds to 23,300 gallons treated per acre per 24 hours.” 


The following is a summary of the several sections of the Report in so far 
as it relates to Nottingham :— 


1. Tabular statement, and summary of the chief bacteriological results. 


2. Diagram 10 illustrating the results shown in Table 16 with 
comments thereon. 


3. Results considered in relation to some of Mr. Kershaw’s notes. 


4. Results considered in relation to tests other than B. enteritidis 
sporogenes. 


5. Results of the bacteriological examination of additional samples of 
river water, and mixed river water and effluent. 


6. General conclusions. 


Addendum A.—Results of the examination by means of simple tests of 
samples obtained from Nottingham sewage farm (special comparative series 
of experiments). 


Addendum B.—Comparative record as regards (1) the “gas” and (2) B. 
enteritidis svorogenes tests of samples obtained from Nottingham, as well as 
other sewage farms. , 


Addendum C.—Additional bacteriological notes. 


Addendum D.—Mr. Kershaw’s abridged notes to accompany bacteriological 
data. 


L—Tabular Statement and Summary of the Chie? Bacteriological Results. 


The following table (Table 16) shows as regards the total number of 
bacteria, B. coli and spores of B. enteritidis sporogenes, the results of the 
bacteriological examination of various samples obtained from Nottingham 
sewage farm :— 


TABLE 16.—-Showing 


enteritidis sporogenes, 
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as regards the total number of bacteria, B. coli, and spores of B. 


the results of the bacteriological examination of samples 


of sewage and of effluents obtained from Nottmgham sewage farm. 








Description of the Sample. 


is 


Total Number of bacteria 








Number of 
B. coli (or closely 


allied forms) per ¢.¢. 


4 


Number of 
Spores of B. enteritidis 
aperogenes (Klein’s ‘ enteritidis 
change ” in milk culture) 
per ¢.c. 


5 


ve 


ee eee 


i 
[=r] 


Crude Sewage - - 
12 noon, 5th Dee. 1899. 


Crude Sewage - - 
12.15 p.m., 12th Dee. 1899. 


Crude Sewage - 
11.565a.m., 23rd July 1900. 


Averages : 


Final Effluent - - - 
1.30 p.m., 5th Dec. 1899. 


Final Effluent - 
1.30 p.m., 5th Dec. "1899. 


Final Effluent - - - 
12 noon, 12th Dee. 1899. 


Final Effluent - - 
12.30 p.m., 12th Dec. 
1899. 


Final Effluent - 
3.15 p.m., 12th Dec. "1899. 


154 Final Effluent - - 


17 


19 


110 


lll 


113 


115 


116 


118 


119 


121 


Final-Effluent - 
19th Dee. "1899. 


Final Effluent - 
20th Dec. "1899. 


Final Effluent - 
2.15 p.m., 28rd July 1900. 


Final Effluent - 
3 p.m., 24th July "1900. 


Final Effluent 


11.47 a.m. 25th July 1900. 


Final Effiuent - 
2.15 p.m., 30th July 1900. 


Fina) Effluent - - : 
11.45 am., 3lst July 
1900. 

Final Effluent - - - 
11.30 a.m., Ist August 
1900. 


Final Effluent - 
11.45 a.m., Ist Angust 
1900. 


General Effluent - 
6th August 
1900. 


Averages 








At least 100,000 but 


less than 1,000,000 


At least 1,000,000 - 





[Ratio cols. 2 to 3 


+°01,--001 cc At least 100 but 


less than 1,000. 


+-001,- 0001 c.c. At least 1,000 
but less than 10,000. 


+01, -— 001 ¢.c. 
less thar 1,000. 


At least 100 but 


=4"5eiey 











per ¢.c. 
Gelatine at io at 
20° C. 37° C, 

2. ae 
15,100,000 2,510,000 
31,600,000 6,650,000 

—_ €,280,000 
23,350,000 5,146,666 

2,130,000 596,000 
1,009 390 
Plates too Plates too 

dilute. dilute. 
(very few) (very few) 
50 11 
1,540 370 

39 — 

21 4 
740 100 

— 547,200 

— 210,000 

— 53,000" 

— 15 

— 10 

— 2,096 | 

— 3 

= 7,000 

304,770 101,157 


(98% reduction ][98% reduction] 


| At least 10,000 but 
| Absent from 0°1 ¢.e. 


| Absent from °001 ¢.e. 


| At least 10 - - 


| Absent from 100 c.a. 


' None in 1 ¢.e. - 


100 not 1,000- —- 





less than 100,000 


Absent from 1 ¢.c. 





Absent from 1 ¢.c. 


1 but less than 10 - 


None in 1 e.¢. : 


At least 100 - 


a 


[Ratio cols. 2 to 3 





+'1,-Ole.c. At least 10 but 


less than 100. 
None in 10 ¢.c. 


-—‘le.c. None in 7 cc. 


None in 10 cc, 


None in +; ¢.¢. 


“eEQT IaquIe.eC] “AISTA ABSIT | 


None in 100 ¢.e. 


Present in 500 ¢.c. 


Negative 10 c.c. 
+10c.c.,-le.c. Noneinl ee, 
- ditto. 


Negative 10 c.c. 





- ditto. 


+10¢.¢.,-le.c. Nonein 1 c.c, 


a See eye eee 


Negative 10 ¢.c. 


- 


+1,--‘lee. At least 1 but 


less than 10. 


Sav ed | 
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Brief summary of the results shown in Table 16 :— 


Crude Sewage :— 


The crude sewage was In no way exceptional in its biological qualities.* Thus, the total number 
of; bacteria was over ten million (ge'atine at 20°C.) and between one and ten million (agar at 37°C.) 
per c.c. B, coli numbered at least 100,000 and B. enteritidis sporogenes 100 to 1,000 per c.c. 


Lffluents :-— 


The effluents were remarkably govd ; and some of them, apart from a knowledge of their source, 
might on superficial observation have been classed as drinking waters of great purity. 


Total number of bacteria «gelatine at 20°C.) per c.c. -—In three samples, the number was less than 
100. In one sample the plate cultures were too dilute to allow of counting being attempted, which 
would imply a small total number of bacteria. One sample contained more than 100 but less than 
1,000. Two samples contained 1,000 und 1,540 respectively per c.c. In one sample only was the 
number excessive (over two million), and here the land was being greatly overworked. 


Total number of bacteria (agar ai 37°C.) per c.c. -—In five samples the number was less than 
100. Three samples contained respectively 100, 370, and 390 per c.c Two samples contained 
between 1,000 and 10,000; one sample between 10,000 and 100,000; and three samples more 
than 100,000 but less than one million. In one sample the plate cultures were too dilute to allow 
of counting being reliable. which would imply a small total number of bacteria. 


B. cola (and closely allied forms) per c.c. :—In one sample B. coli was absent from 100 ¢.c, Four 
samples contained none in 1 c.c. In two samples B. coli was absent from 0°1 and °00i ¢.c. respec- 
tively. In one sample the number was at Jeast 10; in another one, but less than 10; and two 
samples 100 at least. One sample contained 10,000, but this was from the overworked land. 


Spores of B. enteritidis sporogenes per c.c. :—In one sample a negative result was obtained even 
with the bacterial contents of 100 c.c. In no less than six samples the result was negative with 
10c.c. In three samples a positive result was obtained with 10 c.c., but a negative result with 1 ¢.c. 
Three samples contained none in ;, ¢.c. One sample contained at least 10, but less than 100 ; 
this was, however, from the overworked land. 


2. Diayram 10 illustrating the results shown in Table 16, with 
comments thereon. 


The results are shown in graphic form in diagram 10. 


By referring to the diagram, it will be seen that certam horizontal lines 
are drawn indicating provisional standards (non-drinking water streams). 


All samples which, according to these standards, did not fulfil the following 
requirements would be tentatively condemned :— 
1. Total number of bacteria (gelatine at 20°C.) Less than 100,000) 
2. Total number of bacteria (agar at 37°C.) Less than 10,000 -| per 
3. B. coli. Less than 1,000 - - = - : -| GC. 


4. B. enteritidis sporogenes. Less than 10 : - - - “J 


As regards (1) seven out of eight effluents . - - 
passed the 


above 


"| standards. 
(4) fourteen ,, fifteen ,, : . ‘ 


(2) eleveniira > firteent . 5 - . - 


(3) eleven ,,. twelve .,, - - 


From consideration of the table and diagram, it is obvious that not only 
did nearly all the effluents pass these standards, but that they passed them 
quite easily, and further, that some of the effluents, on preliminary 
observation, seemed, in respect of their biological purity, to challenge 
comparison with drinking water. 





* Tt will, however, be seen from Mr. Kershaw’s notes that a large proportion of the fecal matte1 
is kept out of the sewers. | 


128 


Taking the B. enteritidis sporogenes results (See Plate IV., Figs. 15 & 16), 
as a ready means of gauging the degree of biological purification effected in 
the effluent, it is to be noted that, whereas the sewage contained from 100 
to 1000 spores per c.c., the effluents yielded the following results :— 


In one sample at least 10, but less than 100 (from overworked land). 


9) . ? c us 9 ? 10. 
two samples none in 0'1 c.c. 


»? 


79 


,, three r e 1 c.c. (but present in 10 c.c.). 
5, GIX - i 10 ¢.c. 
mone Ke tte a OLnCee: 


There can be no question, I think, that in the case of Nottingham Sewage 
Farm a mechanical separation of the microbes was at work. But even so 
the results under average and seemingly normal conditions of working the 
land were, not only occasionally, but uniformly good. It would perhaps be 
unwise to assume the destruction, other than by processes of an extremely 
gradual character, of the spores of sewage microbes mechanically retained 
in the soil; but, as regards non-sporing forms of sewage bacteria, more rapid 
extinction might perhaps tentatively be inferred. The ultimate fate of the 
sewage bacteria is of considerable interest from the epidemiological point of 
view, and the merely partial solution of this problem may be the work of 
many years. The results obtained at Nottingham do not afford sufficient 
data for advancing other than cautious inferences. But the results so far 
as they go, judged asa whole, do not seem to indicate that the treatment 
of land more or less continuously with sewage compasses the destruction of 
bacilli to a conspicuously greater extent than spores of bacilli. I say to 
treat more or less continuously, because it is my belief that, if the land were 
rested for long periods between each application of sewage, such treatment 
would indeed effect the gradual destruction of non-sporing bacilli while 
leaving the spores relatively unaffected. This, however, would in practice 
be impossible, and hence under ordinary conditions of working a farm the 
application of sewage is too continuous to permit of slow processes of the 
above sort being readily appreciated, assuming that they are actually in 
operation.* The subject is further complicated by the circumstance that 
spores may develop into bacilli and the bacilli multiply and again form 
spores; further, that the non-sporing microbes may be multiplying in the 
soil as well as dying. 

My work for the Local Government Board on the inoculation of soil with 
cesspool sewage tends to show that B- coli and streptococci greatly diminish 
in numbers, if they do not altogether perish in soil, subsequent to a cessation 
of the inoculation process, the former more slowly than the latter class of 
microbes. As regards the spores of B. enteritidis sporogenes, the results 
obtained were sometimes of an anomalous character ; but on the whole it may 
be said that, in comparison with B. coli, the spores persisted in almost un- 
diminished numbers during the progress of the experiments. But, as I have 
already indicated, where land is heavily and more or less continuously sew- 
aged the conditions are different. 

Nevertheless, unless land has an almost infinite power of retaining 
microbes, and is therefore capable of holding back the majority of the 
bacteria contained in the sewage which, excepting the period of complete 
rest occasionally given, is sometimes almost continuously, at other times 
intermittently, poured on it year after year, we must conclude that the 
relatively small number of bacteria observed in the effluents means that 
there exists a continual process of destruction as well as of a mere 
mechanical separation of the sewage microbes. It may be noted in this 
etme that the Nottingham Sewage Farm has been in operation over 

years. 





Jest ek Ud. Gitte a ee eee 


* Both as regards land and bacteria bed processes for sewage treatment, it is surprising to find 
that usually the effluents show a percentage reduction in the number of spores of bacteria not widely 
different from the percentage reduction in the number of bacilli. Sometimes, it is true, there is evidence of a 
greater proportionate reduction of the non-sporing microbes, but seldom, if ever, to the extent that might, 
perhaps, be anticipated. For example, it is remarkable that effluent 154 which contained 39 microbes per ¢.¢. 
yielded a negative result as regards the spores of B. enteritidis sporogeres, even when the bacterial contents 
of 100 c.c. were submitted to cultivation, Z 
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3. Results considered in relation to Mr. Kershaw’s notes.* 


In a number of respects, Mr. Kershaw’s notes merit attention. For 


example, as regards the comparative samples 11 and 14, he says :— 

Sample No. 11.—The plot from which this effluent was drawn was purposely sewaged very heavily night and 
day in order to obtain a bad effluent ; and after a sample had been drawn of this effluent, the plot was sewaged 
12 hours by night only for seven days, when Sample No. 14 was drawn of the effluent ; the object in view being 
to ascertain how long the land took to recover its purifying properties. 


The bacteriological results considered in relation to the above statement. 

are of interest. Thus sample 11 gave the following results -— 
Over 2 million bacteria (gelatine at 20°.C.); more than 100,000 
microbes (agar at 37° C.); at least 10,000 B. coli; and at least. 
10 spores of B. enteritidis sporogenes perc.c. The effluent was 
thus very unsatisfactory, and failed to pass any of the standards 
relating to the above tests. 
Sample 14, on the other hand, was a very satisfactory effluent, as the 
following notes clearly show :— : 

The total number of bacteria was not estimated, as the plates were found 
to be too dilute for accurate counting, but this implies that the effluent. 
was well within the limits of the suggested standard. Similarly, the 
excellent qualities of the effluent were under-estimated in making cultures 
for B. coli and B. enteritidis sporogenes; and the negative result with 
‘001 c.c. and:1 ¢.c., respectively, in connection with these two tests probably 
considerably under-estimates the purity of the sample. 

It is of interest to notice that samples 15 and 15a, although collected from: 
a field superficially frozen over, yielded, nevertheless, remarkably good 
results. In sample 15, B. coli was absent from 1 c.c., and the spores of 
B. enteritidis sporogenes from 10 c.c. In sample 154, no spores of B. 
enteritidis could be found even in the bacterial contents of 100 ¢cc., which 
is a remarkably good result. 

As regards samples 16 and 19, it appears from Mr. Kershaw’s notes that 
between the times of collection of the two samples of effluent a rest of 
three days intervened. The beneficial effect of the rest is shown by the 
biological results. 

Sample 17 was comparative with samples 12, 15 and 15a, and it is worthy 
of note that this sample actually contained no B. coli in 100 ¢.c. (Bacterial 
contents of 100 c.c. obtained by Pasteur filter brushing method). The com- 
parative samples 110, 111 and 113 were much less satisfactory as regards 
total number of bacteria (agar at 37° C.), although they passed easily the 
B. enteritidis sporogenes standard. These samples were derived from a 12- 
acre plot of land (mangolds), and represented the result of sewaging the land 
one, two, and three days respectively with day sewage for 12 hours, and it may 
be that the land had not got properly into working order. Possibly sewage 
microbes stored in the soil were being washed out of the soil. 

Comparative samples 115, 116 and 119 from an 11-acre plot of land 
(cabbage) sewaged 14, 15 and 16 days respectively with day sewage for 12 
hours, all yielded very good results on bacterioscopic analysis. 

Samples 118 and 121, the former a final effluent and the latter a general 
effluent, although not so pure biologically as the foregoing, satisfactorily 
passed the different standards suggested. _ 


4. Results in relation to tests other than the B. enteritidis sporogenes test. 

So far the records as regards the B. enteritidis sporogenes test have been 
chiefly, although not exclusively, considered, and it is necessary to make some 
further observations on the bacteriological results shown in table 16 and 
diagram 10. 

As regards the total number of bacteria (gelatine at 20° C. and agar 
at 37°C) the averages work out as follows :— 














Gelatine at 20°C., Agar at 37°C., Ratio 

Microbes per c.c. Microbes per c.c. : 

Sewage - > - - 23,350,000 5,146,666 45:1 

Effluents - : - 304,770 101,157 2°11 
[98% reduction. ] [98% reduction.]  -~[~-.--een ee 





* Addendum D, page 137. 
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These figures are, I think, somewhat misleading, and must not, therefore, 
too readiiv be considered as an entirely reliable indication of the average 
quality of the effluents from the farm during the period of survey. In point 
of fact, a few relatively bad effluents have, so far as averages are concerned, 
spoiled the excellent quality of the majority of the effluents. Since this is 
the case, it must also be added that a general survey of all the results leads 
me to the conclusion that, despite the extraordinary purification effected 
by the land treatment at Nottingham, the intrinsic biological qualities of the 
original sewage were not destroyed, but only “masked” to a remarkable 
extent. A single example will suffice to illustrate my meaning. In sample 
115 there were present only 15 microbes (agar at 37°C.) per cc, yet B. 
coli was present in the proportion of at least one to the c.c. 


From the epidemiological point of view, the effluents from Nottingham 
Sewage Farm would thus be classed by the bacteriologist as relatively not 
absolutely safe. It is to be regretted that more samples were not obtained 
from Nottingham, although this deficiency is to a considerable extent supple- 
mented by the subsequent examination of fifteen samples by simple tests 
(Addendum A.). In Addendum C. will also be found the results, as regards 
total number of bacteria, number of B. coli and indol-producing bacteria, 
of the bacteriological examination of a few additional samples. | These 
samples, although yielding excellent results, clearly showed their relationship 
to matters of excremental origin. 

In the table and diagram illustrating Appendix ITT. (page 196), the results as 
regards the “ gas” and B. enteritidis sporogenes tests are brought into com- 
parison. Of eight effluents, seven passed both these tests and the one that 
failed (11) came from land which had been purposely over-sewaged for some 
time. 


Indol test (indol in broth cultures, five days at 37° C.) :— 


Sample 119 gave a negative result with 1 c¢.c. 


4 116 », positive ,, ap dt Oe 

” 115 29 ” ” ” 0 lc.e. 

” 118 29 29 ” ” 0°01 c.c. 
4 121 aA A 5 Fe 10500 Lacke: 


5. Results of the bacteriological examination of additional samples of river 
water and river water mixed with effluent. 


The results of the examination of these samples is shown in Table 17. 


‘TaBLE 17.—Showing the results of the bacteriological examination of samples 
of : (1) Trent river water above the effluent outfall; (2) effluent obtained 
from Nottingham Sewage Farm ; and (3) mixed effluent and river water. 


a7) 











Total number Number of 
es. of Number of spores of B. enteritidis 
Description of the Sam le. bacteria per c.c. | B. coli (or closely sporogenes (Klein’s 
—— allied forms) per c¢.c. “enteritidis change” in 
Agar at 37° C. milk culture) per c.e. 
{0040 ¥oht river water above ohiner 3,300 100 not 1,000 | 41-‘lee. At least 
outfall. Aug. 6th 1900. | [Indol + 001 c.c.] 1 but less than 10, 
121 Effluent (final) - - . - 7,000 100 not 1,000 | +1l-‘lee At least 
Aug. 6th 1900. [Indol + 001 ¢.c.] 1 but less than 10, 
122 Effluent + river water. Aug. 12,224 | 1,000 not 10,000 +1-‘lee At least 
+i 1900. (50 yards below [Indol + -0001 c.c.] 1 but less than 10, 
123 Same, lower down. Aug. 6th 6,336 100 not 1,000 +1-‘lee, At least — 
1900. (120 yards below 121). {Indol + ‘001 ¢.c.] 1 but less than 10, 




















As regards the total number of bacteria (agar at 37° C.), it is to be noted 
that the river water (120) above the effluent outfalls contained more than 
half the number of microbes in the effluent itself (121). The mixed river 
water and effluent (122) contained more microbes than the effluent alone 


(121). Lower down (128), however, the number fell to about that found in 
the effluent (121). 





—— 


* Ratio of effluent to river water about 1; 160, 


am, ~ 
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Samples 120, 121 and 123 all yielded the same results as regards B. coli, 
namely, i100 not 1,000 per c.c. Sample 122 contained 1,000 in I c.c. 


All the samples gave, as regards B. enteritidis sporogenes test, the same. 


results, namely, at least 1 but less than 10 spores per c.c. 
These isolated observations are of more importance from the chemical 


than the bacteriological point of view, and it would, perhaps, be unwise to 


attempt to draw any conclusions from them. But, if the results obtained 
from the examination of the various samples represent the normal conditions, 
it would seem as though the bacteria in the effluent underwent some preli- 
minary multiplication in the river. 


6. General Conclusions.* 


The results as a whole were unquestionably very good, and some of the 
efflnents might on superficial observation and without a knowledge of their 


- source have been classed as pure drinking water.t But, as has already 


been pointed out, evidence was not iacking that the intrinsic biological 
qualities of the sewage were not materially altered by the land treatment 
but only ‘“‘masked” to a remarkable extent. If this supposition be correct, 
and the additional records given in Addenda A and C confirm this view, 
immunity from danger to health arising from the discharge of such effluents 
into drinking water streams would be relative not absolute. But, whether 


or no question arises as to the propriety of discharging effluents possessed. 


of the biological qualities observed in the case of the Nottingham effluents 
into a drinking water stream, there can be no doubt as to the fitness of these 


effluents to discharge into a river not used for potable purposes. None of 


the other sewage farms under investigation yielded effluents which approached 
the degree of biological purification effected by the land treatment in the 
case of Nottingham Sewage Farm. 


Addendum A.—Results of the examination by means of simple tests of samples 
obtained from Nottingham Sewage Farm. (Special Comparative Series of 
Experiments.) 

Four samples of sewage and 15 samples of effluent were examined by 
(1) the “gas” test, (2) B. enteritidis sporogenes test and (3) neutral-red broth 
test. 

The results, which were strikingly good, are shown in Table 18 and 
Diagramt{ 11. Thus as regards (1) three of the samples of the sewage gavea 
positive result with 0001 c.c., and one with ‘001 cc. All the 15 samples 
of effluent passed the standard suggested (negative result 0:1 c.c.), three of 
these gave a positive result with 1 cc. but not with 0-1 ¢cc.; while the 
remaining twelve gave a negative result with 1 c.c. 

As regards (2) three of the samples of sewage gave a positive result with 
‘001 c.c. and one with ‘Ol c.c. All but one of the 15 samples of effluent 
passed the standard suggested (negative result 0-1 c.c.), and this one was 


- - within measurable distance of passing. Of the satisfactory 14, one gaye a 


positive result with 1 cc. but a negative with 0°1 c.c., while the remaining 
13 gave a negative result with 1 c.c. 

As regards (3) all four samples of sewage gave a positive result with 
‘00001 c.c. All but one of the effluents passed the standard suggested 
(negative result ‘001 c.c.), and this one was very nearly satisfactory. Of the 
remaining 14, four gave a positive result with ‘01 but not with ‘001 c.c., nine 


gave a positive result with ‘1 but a negative with ‘01 c.c., and one gave a. 
negative result with °1 c.c. 


- From Mr. Kershaw’s notes, it appears that samples 330, 335, 338, 343, 


$47 are comparative, that is, drawn from the same area ofland. Similarly, 


331, 336, 339, 344, and 348 are comparable. Further that samples 330, 


$31, 335, 336, 338, 339, 343, 344, 347, 348 were final effiuents, and samples 


332, 333, 340, 341, 346 general effluents. | 


* The general conclusions are based on the results given in the Addenda as well as on those previously 
considered. For statistical information, see tabular statement at the beginning of this report, Section VII. 
+ For example, final effluents 15, 17, 115, 116 and 119 contained 11, 4, 15, 10 and 3 microbes (agar at 37° C.) 


respectively per c¢.c. ; ; ; 
+ See also the diagram illustrating Appendix IJ, in which the Nottingham, Aldershot, Beddington, and 


Leicester results are brought into comparison with each other (page 194), 
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Addendum B.—Comparatie records as regards (a) the “gas” test and (2) B. 
enteritidis sporogenes test of samples obtained from Nottingham as well as other 
sewage forms. 


_ These results are shown in the tables and diagram illustrating Appendix ITI. 
(page 190) and they include all the samples (from other sewage farms as well as 
Nottingham) which were examined by both of these tests. These records are 
additional to the special series of comparative samples already described in 
Addendum A; the records include altogether 194 samples, of which ten are 
from Nottingham Sewage Farm. The Nottingham results have been already 
alluded to in a previous section, and here it is only necessary to repeat that 
of eight effluents seven passed the standard set up for both these tests. The 
exception was an effluent from land which had been purposely over-dosed 
with sewage, in order to ascertain whether a subsequent rest would enable the 
Jand to regain its power of purifying sewage. This point was satisfactorily 
established, as has been previously explained. 


Addendum C.—Additional bacteriological notes. 


The following bacteriological notes are additional to the records previously 
considered. 


Inoculation experiments. 
Lfiuent 12. 3 ¢.c. of this effluent were injected subcutaneously into a 
guinea-pig. The animal died on the 24th day from pseudo-tuber- 
culosis. (B. pseudo-tuberculosis of A. Pfeiffer). 


Effiuent 111. 4 ¢.c. of this effluent were injected subcutaneously into a 
guinea-pig. There was little or no local reaction and the rodent 
remained alive and well. 


Effluent 113. 8 c.c. of this effluent were injected subcutaneously into a 
guinea-pig. A big localised swelling developed, but the animal 
eventually recovered completely from the effects of the inoculation. 

Four guinea-pigs (a) (b) (c) (d) were inoculated each with 20 cc. of a 
‘sample of crude sewage after preliminary treatment as follows :— 


(1) Heated to 65°C. for 20 minutes } In each case rendered germ 

2 80°C. ,, 10 minutes | free by filtration through a 

(3) , 100°C. ,, 60 minutes } sterilised Pasteur’s filter, and 

(4) , Not subjected to any j the filtrate use for incculation 
preliminary treatment / purposes. 


The animals remained lively and well and were seemingly but little, if at 
all, affected by the injections. 


Description of the chief morphological and nological characters of a vibrio 
isolated from ‘0001 c.c. of crude sewage No. 10. 


Source :—Agar plate culture ‘0001 c.c. crude sewage No. 10. 
Temperature.—Grows well both at 37°C. and at the room temperature. 


Morphological characters.—A. vibrio resembling morphologically somewhat 
closely Koch’s vibrio. Does not stain very readily with the ordinary aniline 
dyes. (See Plate IV. Figs. 13 and 14), 

Motility. —Very actively motile. 

Agar streak cultures (37° C.),—White thin film-like growth having no very 
‘special characters. 


Gelatine streak cultures (20° C.).—Thin transparent meagre growth. No 
liquefaction occurs. 


Gelatine stab cultures (20° C.).—Meagre growth down line of stab, on the 
surface thin transparent film like expansion. No liquefaction. 
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Broth cultures (20° C.).—Diffuse but not very abundant cloudiness. 


Cholera red reaction.—Negative result even after 10 days’ incubation at 
37° C. in peptone broth. 


Litmus milk cultures (37° C.).—Little or no_ visible change occurred 
after incubation. Possibly, however, a trace of alkali was produced. 


Remarks.—Probably allied to the non-chromogenic vibrios described by _ 
Weibel. 


Streptococci.—No streptococci could be found in relatively large amounts. 
of effluents 12, 14, 15, 16, and 16a. : : 

But an agar plate culture (37°C) made from‘ 001 c.c. of effluent 11, yie:ded 
a microbe (microbe A) which resembled in some respects a streptococcus, in - 
others a staphylococcus. 5 

As regards the crude sewage, streptococcus (1) was isolated from ‘0001 c.c. _ 
of effluent 10 and streptococcus (3) from ‘001 c.c. of effluent 13. 

The following is a description of some of the chief morphological and 
biological character of these streptococci :— 7 














Description of : 
S sraptcesecns Streptococcus (1). Microbe A. Streptocuccus (3). 

Source - - : - | Surface agar plate cul- | Surface agar plate cul- | Surface agar plate cul- 

ture (37°C.) ‘0001 c.c. ture (87°C.), ‘001 c.c. ture (37°C.) -001 c.c. 

Morphology - - + | Chains of cocci of medium | Cocci resembling in some | Cocci in ehains of con- 

length many involution respects streptococci, in siderable length, many 

forms others staphylococci ; involution forms ; 
stain well by Gram’s stains well by Gram’s- 
method method. 

Agar plate cultures | Minute transparent | The growth rather too| Minute, transparent, 
(37°C.) under a low colonies, roughly circu- opaque and luxuriant nearly: <ireular 
power) lar in shape with wavy in character to be quite colonies. No separate \ 

granulation, Loops of like a streptococcus - _ loops of cocci could be- 
cocci may be seen at made out at the edge. 


the periphery 


Gelatine plate cultures | Small circular trans- | Here the growth was very 





(20°C.) (under a low parent looking colonies like a_ streptococcus, 
power) showing only very faint the colonies being 
granulation. Loops of minute and transparent 
cocci not visible at the looking and growing 
periphery very slowly 
Gelatine streak cultures | Minute transparent-look- | Growth scanty, minute : Minute transparent-look-. 
(20°C. ) ing colonies transparent - looking ing colonies. 
eolonies, eventually 
| softening of gelatine ae 
s 
Broth cultures (37°c)  - | Slight diffuse cloudiness, ‘ Dense uniform turbidity | Diffuse cloudiness and 
at foot and sides of tube : some granular cloudi- h 
white, stringy, viscous ness as well. 
growth 
last milk cultures ; Strong acid but no clot - | Strong acid but no clot Acidity but no clot. . 
(37°C.) 
Remarks 2 we - | Not pathogenic to mice - | Not pathogenic to mice Not pathogenic to mice. 











Spores of aerobic bacteria.—The number of spores of aerobic bacteria was: 
determined in samples 10 (crude sewage), 11 (effluent), and 12 (effluent), and 
found to be 330, 125, and 4, respectively per c.c. In none of the cultures 
were any colonies of B. mycoides noted. This is a point of some importance. 
since the spores of B. mycoides are present in great abundance in.most culti- 
vated soils.* The absence of B. mycoides in the present case tends (so: 
far as isolated observations can be relied on), to show that the passage of the 
effluents through the soil did not result in the effluents carrying away with 
them soil microbes to any appreciable extent. That is, the vast majority 
of the bacteria found in the effluents were not derived from the soil, but from. 
the sewage. In connection with all the sewage farms that were made the. 
subject of bacteriological investigation, the comparative absence both as 


regards bacilli and spores of bacilli of “soil microbes” from the effluents. 
was constantly noted. : 


*“ Reports on the bacteriological examination of soils and soil “washings,” Local Government Board. 
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During September 1901, a few additional samples were examined. The 
results obtained, which are not included in the general table, are given 
below :— 





Description Total number of bacteria per c¢.c. Indol test 
: Number of B, coli (indol in broth 
2 per ©.¢. cultures. 
sample. Gelatine at 20° C. Agar at 37° C. 5 days at 37° C.) 

329. 23rd Sept. 1901. 52,000,000 4,040,000 100,000 + 00001 e.c. 

Crude sewage. 
332. 23rd Sept. 1901. 34,000 ; 4,700 Less than 1,000 +001 ;- ‘0001 c.c. 

General effluent. 
$33. 24th Sept. 1901. 34,000 1,110 100 not 1,000 ~ +01 3-001 e.e, 


General effluent. 


335, 24th Sept. 1901. 9,100 580 10 not 100 +01 ;— 001 cc. 
Final effluent, 
(All these effluents | (All these effluents | (All these effluents | (333 and 335, but 
easily passed the | easily passed the | passed the stand- | not 332, passed the 
standard of less | standard of less | ard of less than | standar Gfame 8 
than 100,000 mi- | than 10,000 mi-| 1,000 B, coli per| negative result 
crobes per c.c.) crobes per ¢.c¢.) C,C.) with ‘001 ec.) 
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Plate IV. 


Figure 13.—Microscopic preparation from an agar culture (24 hours at 
37 GC.) of vibrio (1), isolated from 00001 c.c. of Nottingham crude sewage 
No. 10. 


[Magnifying power, 500. | 


Figure 14.—The same more highly magnified. 


[Magnifying power, 1,000. | 


Figure 15.—B. enteritidis sporogenes test. From left to right the tubes: 
represent 1 ¢.c. of Nottingham land effluent No. 331 (positive result) ; 0.1 c.c. 
of the same sample (negative result) ; and 1 c.c. of Nottingham land effluent: 
No. 330 (negative result). The standard suggested in connection with this 
test is a negative result with 0:1 c.c., so both these samples (330 and 331) of | 
effluent “passed” the standard. Effluent No. 330 was particularly satis- 
factory in relation to this test, since it gave a negative result even with 1 c.c.. 
of the sample. 

[About natural size. | 


Figure i6.—B. enteritidis sporogenes test. From left to right the tubes: 
represent 1 c.c.; 0-1 c.c.; and 0.01 cc. of Nottingham land effluent No. 332. 
It will be noted that the first two tubes show a positive result and the third — 
one a negative result. This effluent, therefore, just failed to pass the — 
stincard suggested, namely, a negative result with 0-1 c.c. 


[About natural size. | 
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ApDpENDUM D.—Mr. Kershaw’s abridged notes to accompany bacteriological 
data.* 


NOTTINGHAM SEWAGE FARM. 
Additional Notes on Samples. 


Sample No. 11.—The plot from which this effluent was drawn was purposely sewaged very heavily night. 
and day in order to obtain a bad effluent; and after a sample had been drawn of this effluent, the plot was 
sewaged 12 hours by night, only for 7 days, when sample No. 14 was drawn ; the object in view being to 
’ ascertain how long the land took to recover its purifying properties. 


Sample No. 15.—The field from which this sample was drawn was under ice at the time, the sewage 
continuing to flow underneath. 


Samples Nos. 16 and 19.—These samples were from a plot which had been sewaged with day sewage on 
for 12 hours each day. The plot referred to was rested for 3 days between the two samples Nos. 16 and 19. 


Sample No. 112.—Kiver Trent water taken above sewage farm. River rather low for the time of year, a 
fairly clear sample. The river appeared to be in good condition. 


Sample No. 117.—River Trent water taken above farm. River rather high, water rather discoloured, 
owing to flood water. 


Sample No. 120.—River Trent water taken above effluent outfalls ; river high and water diseoloured. 


Sample No. 122.—River Trent water and effluent (ratio of effluent to river water about 1:160) on mixing 
50 yards below 121. 


Sample No. 123.—As above, but taken further down the river, 120 yards below 121, 
Sample No. 330.-—A very clear effluent. 
Sample No. 331.—As above. 


Sample No. 332.—General effluent some decayed leaves, etc., from neighbouring hedges had blown into 
the main effluent culvert, from which the sample was drawn. 


Sample No. 333.—As above. A drinking place for cattle in the effluent culvert had been used earlier 
in the day. 


Samples Nos. 340, 341, 346.—General effluents. All containing bits of decayed leaves previously alluded 
to. All the final etiluents were perfectly clear, colourless and odourless. 


* In a few instances samples are referred to in this addendum concerning which no bacteriological records are 
available. These were extra samples collected by Mr. Kershaw tor chemical analysis. 
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(EFFLUENTS.) 

















Remarks. 


| This plot was ee con- 


t only 
since Oct. 10th up to Nev. 
23rd,and since then, received _ 
both day and night sewage. — 


tinuously by nig 


Plots sewaged for 12 hours by 


After Dec. 5th this plot only 
received night sewage, — 
resting during the day. 


Plots sewaged for 12 hours — 


Plots sewaged for 12 hours by. 


Plot had 3 days’ rest. 


= 


Plot sewaged with day sewage _ 


= 


Plot sewaged with day sewage © 


—) 


Plot sewaged with day sewage 


at 


Plot sewaged with day sewage 


jt 3 


Plot sewaged with day sewage 


‘% 


Plot sewaged with night sew- 
age for 12 hours. a 
Plot sewaged with day sewage — 

















Plot receiving sewage for 12" 
hours by day only. 
General effluents. a 


General effluents. 


Numb Number of Area of Length of time 
agin times the Plot or Plots these Plots had. Nature of Crops 
of Sewage has sewaged at the been sewaged 
sare passed through time of drawing previously to grown on Plots. 
ene the Soil. Sample. drawing Sample. 
| Acres. | 
: f| 12days, day and | 
li Once 15°5 \ night’ sewage. || Fallow - 
| 
a 7 days, night | 
F sewage only. | 
12 if 5 we | b 15 days, night 
; ‘ Le 11-25 sewage only. ‘% ; ight 
| | ec 15 days, night a: 
| sewage only. 
14 155 7 days » : | 
| 
| (| a 14 days, night 
| 3 sewage only. 
15 if " ne b 22 days, night 
” oe sewage only. 2 ; 
| | ceo 15) | @ 22 days, night [ night only. 
| sewage only. 
16 120 }f| 42 days, day sewage | 
” only. oe { day. 
| a 21 days, night 
r i sewage only, | 
7 | b +e b 29 days, night 
” | ¢ 11°25 sewage only. 2 
x ce 29 days, night 
sewage only. 
{ a 22 days, night | 
F sewage only. 
18 { b ee b 30 days, night 
es : sewage only. se 
ah e 30 days, night 
F sewage only. 
9. {| 5 days, day sewage |) 
19 ” 12°0 VU only. s yy » - 
20 1b f| 17 days, night || 
a! F \ sewage only. | eareiag 
110 Onee 12°0 1 day. Mangold - - 
for 12 hours. 
111 12-0 2 days a - - 
for 12 hours. 
113 ) 2°0 3 ” yy ‘ z 
F: for 12 hours. 
115 5 Nike Ae Cabbage - 
for 12 hours. 
116 a 11-25 45, : 
_ for 12 hours. 
118 a; 15°5 167 45, Kohl rabi - 
119 - 11-25 16: tase Cabbage - 

7 for 12 hours. 
121 3 —_ — — General effluent. 
330 Once | 11-25 *5 days. Cabbage - - 
ts » | OS *4 Mangolds - - 

333 : a 2 i 
335 i‘ 1GIEDS *6§ days. Cabbage. 
ae ss oe *5 A Mangolds. 
ne > 25 et P Cabbage. 
oh ss ae Ga | Mangolds. 
341 és i is | cx 
343 ; AG 2A5s *8 days | Cabba 
? ) ge. 
a » 13°0 ba _ Mangolds. ) 
ay » =< oe. _- General effiuent. 
a 53 11°25 9 days | Cabbage. ¢ J 
» 13-0 ‘ _ Mangolds. 














= 


December, 1899. 


Sample No. 11 
” ” us| 
” ” e 
” PP) 12 
” ? 15 
iP) ”? 17 
” 9 18 


eon 16 
» 19 
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NOTTINGHAM SEWAGE FARM. 





* COMPARATIVE EFFLUENT SAMPLES 


or Samples taken from the same plots of land. 


July, 1900. 


Sample No. un 
» » lll 
” » 113 
” ” ns] 
? ” 116 
» » 19 








September, 1901. 





REMARKS. 





Sample No. 330 


» » 335 
» » 338 
» » 343 
” ”? 347 


9 99 331 | 

” 33 336 
6 5 OOe 

Saat 7, aad | 
348 





| 
| 





* By comparative samples is meant 
samples drawn from the same areas of 
land, and the effluents in brackets are 
comparable with each other so far as the 
area of land sewaged is concerned. 








No. of Sample. 


10 


13 


109 
114 


329 
334 
337 


342 








NOTTINGHAM SEWAGE FARM. 


(SEWAGE SAMPLES.) 


Nature of Sewage. 


Strong, dark colour - 


» dye refuse - 

















Strong, dye refuse - 


Fairly strong dye refuse 


Strong, deep brown colour 





Time taken. Remarks. 

12 (noon) Part of the sewage gravitates to the farm 
and part is pumped, only the sewage 
pumped is screened. 

12.15 p.m Screened and crude sewage. 

11.55 a.m. Screened and crude sewage. 

= 12.15 p,m. » » ” 
1.50 p.m. Screened and crude sewage. 
| PSone 5 » 2» »” 

Wey oe y » ” 

DS oewss » ” » 

oe 0 99 ” 99 ” 
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RUGBY (High Level) SEWAGE FARM. 





1. Situation of farm.—New Bitton, about one mile from Rugby. (The 


sewage arrives at the farm in a fairly fresh condition.) 


ho 


. Total acreage of farm,—40 acres. 

3. Total irrigable area.—35 acres. 

4. Average area irrigated at one time.—7 acres. 
5. Population draining to farm.—6,000. 


6. rf per acre irrigated.—171. 





7. Gallons of sewage per head per day.—90. 


8. Dry weather flow of sewage per 24 hours.—300,000 gallons. 


9, Gallons of sewage (exclusive of storm water) treated per acre per 24 
300-000) 


7 ) 





hours.—42,800 = ( 


10. Gallons of sewage treated per acre per 24 hours on the assumption 
that each acre of irrigable area is under sewage all the time. (This for 
SO ee 


purposes of comparison) = ae = 8,500 gallons. 


11. Characters of the sewage.- -Mainly domestic. 


12. Method of treatment.—Screening, chemical precipitation, settling 
tanks and surface irrigationand filtration combined (the former predominating). 


13. General characters of the soil and subsoil_—Heavy loam overlying stiff 


clay. 
14. Separate or combined sewerage system.—Partially separate. 
15. The final effluent is discharged into.—River Avon. 


16. Number of years farm in operation before 1900.—-33 years. 
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A full description of Rugby (High Level) Sewage Farm will be found 
in Mr. Kershaw’s report (Part IV., Engineering and Practical Report). It 
is unnecessary therefore to do more than touch very briefly on a few 
of the more important points described in his report. 


The sewage 1s mainly domestic. The soil of the farm may be described as a heavy loam 
-overlying stiff clay. The sewage is treated chemically in precipitation tanks, and afterwards 
on the land by surface irrigation and filtration (the former predominating). The sewerage 
system is partially.separate. A considerable amount of subsoil water gains access to the sewers ; 
there is not much now on the farm. There are no storm overflows. The sludge is not applied 
to the land on the sewage farm. The farm is underdrained; the crops grown on the farm 
are rye-grass, mangolds, cabbages, oats and wheat. ‘The effluents flow into the River Avon. 
From Mr. Kershaw’s report it appears that “The farm has a rather steep slope towards the river, 
and this allows of the sewage being treated one, two or three times. After the high level sewage has been 
treated once or twice, it mixes with the low level sewage which comes out about half way down the farm and 
4s treated with it. The high level sewage is thus treated as a rule three times and the low level once.” 
Quoting again from Mr. Kershaw’s Report: “ The total area of the farm is 40 acres, of which 35 
acres are wrigable, 10 being available for the low level, and 25 for the high level sawages. This area 
(35 aeres) deals with a sewage tlow of 300,000 gallons per 24 hours from a population of 6,000 persons 
which is equal to 171:4 persons per wrigable acre, or about 8,500 gallons per acre. Under normal 
conditions about 7 acres are sewaged at once, which is equivalent to 42,860 gallons of sewage treated 
per acre per 24 howrs.” 


The following is a summary of the several sections of the report in so far 
as it relates to Rugby Sewage Farm :-— 


1. Tabular statement and summary of the chief bacteriological 
results. | | 


2. Diagram 12, illustrating the results shown in Table 19, with 
comments thereon. 


3 Results considered in relation to Mr. Kershaw’s notes. 


4. Results in relation to tests other than the B. enteritidis sporogenes 
test. 


5. Results of the examination of additional samples of mixed effluent 
and brook water, subsoil water, and street washings. 


6. General conclusions. 


Addendum A.—Comparative records as regards (1) the “gas,” and (2) B. 
enteritidis sporogenes tests of samples obtained from Rugby as well as other 
sewage farms. 


Addendum B.—Comparative records as regards (1) the “gas”; (2) B. 
enteritidis sporogenes ; (3) neutral red broth; and (4) litmus milk tests of 
samples obtained from Rugby as well as other sewage farms. 


Addendum C.—Additiona! bacteriological notes. 


Addendum D.—-Mr. Kershaw’s abridged notes to accompany bacterio- 
logical data. 


1. Tabular statement and summary of the chief bacteriological results. 


The following table (Table 19) shows, as regards the total number of 
bacteria, B. coli and spores of B. enteritidis sporogenes, the results of the 
bacteriological examination of eight samples of sewage and eighteen samples 


“WIWY ber av 


-of effluent -— 


TaBLE 19.—Showing, as reg 
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ards the total number of bacteria, B. coli, and spores of B 


enteritidis sporogenes, the results of the bacteriological examination of sewage 
and effluents obtained from Rugby sewage farm. 





Total Number of bacteria 









































Number of Number of 
Der cos Spores of B. enteritidis 
B. coli (or closely SROrUe ene ee ah athe ee 
Description of the Sample. p change” in milk culture 
R : peo at eae allied forms) per c.c. per ¢.¢. 
1 2. Se 4, 5. 
93 Crudesewage - - 21,400,000 3,820,000 | At least 100,000 -| + 001, — 0001 ¢.c. At least 1,000 
11 a.m., 19th June 1900. but lessthan 10,000. 
97 Crude sewage - 47,700,000 4,700,000 - ditto - -|- ditto : ditto. 
1.45pm., “25th June 1900. é 
233 Crude sewage’ - 21,500,000 3,520,000 - ditto - - | +°01, —-00l ¢c.c. At least 100 but 
11.15 a m., 6th Mar. "1901. less than 1,000. 
235 Crude sewage - 38,500,000 5,400,000 - ditto - - | +°001, — 0001 ¢.c. At least 1,000 
11.10 a.m., 11th Mar. “1901. | but less than 10,000. 
95 Chemically precipitated sew- 1,750,000 275,000 | Atleast 10,000 - | +.01, —--00l¢.c. At least 100 but 
age. less that 1,000. 
11.15 a.m., 20th June 1900. 
99 Screened, settled and pre- 42,200,000 6,140,000 | At least 100,000 - | +001, — 0001 c.c. At least 1,000 
cipitated sewage. but less than 10,000. 
12 noon, 27th June 1900. 
10: Screened, settled and pre- 14,700,000 1,560,000 | 10,000 not 100,000 - | - ditto - ditto. 
cipitated sewage. 
10.30 a.m,, 22nd July ell 
294 Settled sewage - 7,300,000 820,000 | At least 100,000 - ditto - ditto. 
4 p.m., 18th Feb. 1901. 
Averages - - 24,381,250 3,004,375 [Ratio cols. 2 to| 3=3°6 : 1.] 
94 Finalefiiuent' - : 3,090,000 588,000 | Atleast 10,000 - | +°01, — 001 c.c. At least 100) _ 
1 p.m , 19th June 1900. but less than 1,000. cm 
96 Final effluent. - 23,000 4,500 | Atleast 10 but less | +°1, —‘Ol cc. At least 10) < 
12.15 p.m., 20th June , 1900. than 100. but less than 100. 2. 
98 Final effluent - 2,030,000 350,000 | Atleast 10,000 -/| - ditto - ditto. =a 
3.15 p.m., 25th June: 1900. at 
100 Second or final effluent - 124,000 22,000 | At least 1,000 but | - ditto ditto. 5 
2.5 p.m., 27th June 1900. less than 10,000. 2 
102 Second or final effluent - 1,060,000 109,000 | At least 1,000 -| +’lec. At least 10. ] 
12.15 p m., 22nd omy, 1900. 
103 Final effluent — - 390,000 34,000 | - ditto - -| +01, -‘00lc.c, Atleast 100 a 
12.15 p.m., 3rd J aly 1900. but less than 1,000. q 
104 Final effluent’ - 193,000 28,000 - ditto - -| +'l, -‘Olec. Atleast 10 but | 5 
12 p.m., 4th July 1900. less than 100. S 
106 General effluent - 164,000 8,100 - ditto - - | None in 1 c.c. /* 
11.15 a.m., 9th July 1900. 
225 General effluent. - 1,240,000 44,000 - ditto - -| +°l, —‘Olec. At least 10 but 
5 p.m., 18th Feb. 1901. less than 100. Ss 
226 First field effluent - - 3,660,000 42,000 - ditto - -|- ditto - ditto. om 
12 p.m., 20th Feb. 1901. Re! 
228 First field effluent  - 5,020,000 564,000 | At least 10,000 -| +01, —‘001 c.c. At least 100 | 2 
10.45 a.m., 26th Feb. 1901. but less than 1,000. r 
229 Final effluent - 640,000 15,700 | At least 1,000 -| +1, -‘leec. At least 1 but F 
11.45 a.m., 26th Feb. 1901. less than 10. 5 
230 Final and cener al effluent - 93,000 5,200 | At least 100 - -| +°1, -‘Ole.c. Atleast 10 but | & 
10.40 a.m., 27th Feb. 1901. less than 100. ae 
232 Final and general effluent - 38,000 900 | None in ‘1 c.c. -| +1, —‘l ec. At least 1 but | = 
12 p.m., 5th Mar. 1901. less than 10. B 
234 Final and general effluent - 144,000 3,300 | Atleast 1,000 | -| +'l, -‘Olec. Atleast 10 but 'Z 
12.45 p.m., 6th Mar. 1901. less than 100. 2 
236 First field effluent - - 12,040,000 2,064,000 | At least 100,000 -; +:01, —°001 c.c. At least 100 | 6 
12.30 p.m., 11th Mar. 1901. but less than 1,000. a 
237 Final and general effluent - 69,000 1,600 | At least 10 but less | +1, —‘l cc. At least 1 but & 
1.15 p.m., 11th Mar, 1901. than 100. less than 10. = 
238 Final and general effluent - 259,000 8,600 | At least 100 - - ditto - ditto. 
11.20a.m., 13th Mar. 1901. 
Averages, inclusive of first field _ 1,682,055 | 216,272 © [Ratio cols. 2 to | 3=7°7 : 1.] 


effluents 
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Brief summary of the results shown in Table 19 : 


Crude sewage, setiled sewage, and chemically precipitated sewage :-— 


The samples presented the usual biological characters of sewage. Thus, the total number of 
bacteria in nearly all the samples was over ten million (gelatine at 20° C.) and between one and 
ten million (agar at 37°C.) per c.c. With two exceptions (10,000), B. coli numbered at least 
100,000 per c.c. The number of B. enteritidis sporogenes was 1,000 in six samples and 100 in 
two samples. 

Effluents -— 

Total number of bacteria (gelatine at 20° C.) per c.c.—Four samples contained more than 10,000, 
but less than 100,000 micro-organisms. In seven samples, the number lay between 100,000 and 
1,000,000. Seven samples contained over 1,000,000 but less than 10,000,000. (Provisional 
standard less than 100,000 per c.c.) 


Total number of bacteria (agar at 37° C.) per c.c.—One sample contained 900 bacteria per c.c. 
Six samples contained over 1,000 but less than 10,000. In six samples the number lay between 
10,000 and 100,000. Four samples contained more than 100,000 but less than 1,000,000. One 
sample contained over 2,000,000. (Provisional standard less than 10,000 per c.c.) 


B. colt (and closely allied forms) per c.c.—One sample contained no B. coli in 0:1 ¢.c. In two 
samples the number’ was at least 10 but less than 100. In nine samples the number was at 
least 1,000. Three samples contained 10,000, and one sample 100,000. (Provisionial standard less 
than 1,000 per c.e.) 


Spores of B. enteritidis sporogenes per c.c.—One sample gave a negative result with 1 cc. In 
four samples the number was at least 1 but less than 10. One sample contained at least 10. In 
eight samples the number was at least 10 but less than 100. Four samples contained at least 100 
but less than 1,000. (Provisional standard less than 10 per c.c.) 


2. Diagram 12, illustrating the results shown in Table 19, with comments 
thereon. 


The results are shown in graphic form in Diagram 12. 


By referring to Diagram 12 it will be seen that certain horizontal lines 
are drawn indicating provisional standards (non-drinking-water streams). 


All samples, which, according to these standards, did not fulfil the following 
requirements would be tentatively condemned :— 


(1.) Total number of bacteria (gelatine at 20° C.) Less than 100,000 


\ 


(2.) % » (agar at 37° C.) Less than 10,000 | per 
(3.) B. coli 3 : : - - - Less than 1,000 | Cc 
(4.) B. enteritidis sporogenes’ - - 2 Less than 10 


As regards (1.) four out of 18 effluents (four out of 15, excluding the 
first field effluents) proved satisfactory. 


(2.) seven out of 18 effluents (seven out of 15, excluding 
the first field effluents) proved satisfactory. 


(3.) five out of 18 effluents (five out of 15, excluding the 
first field effluents) proved satisfactory. 


(4.) five out of 18 effluents (five out of 15, excluding the 
first field effluents) proved satisfactory. 


Obviously, the majority of the effluents were not altogether satisfac- 
tory, but it should be added that a fair proportion of the samples either 
‘passed ~ or came within measurable distance of “ passing” the suggested 
standards. | 


Taking the B. enteritidis sporogenes results as a ready means of gauging 
the degree of biological purification effected by the land treatment, it is 
to be noted that while the sewage contained from 100 to 1,000 spores per ¢.c. 
the effluent varied as follows :—Four samples (two of them first field effluents) 
were undeniably bad (at least 100 in 1 c.c.). Five samples were satisfactory 
(less than 10 per c.c.). Nine samples (one of them a first field effluent) 
occupied an intermediate position (at least 10 but less than 100 per c.c.). 
So that it may be said that the majority of the effluents were at least from 
ten to one hundred times better than the original sewage. 


G29 (ti.) i 


imi 


3 Results considered in relation to Mr. Kershaw’s notes.* 


-¥rom Mr. Kershaw’s notes, it appears that sample 98 was obtained from the 
same plot as No. 94, after the plot had had three days’ rest, and was drawn 
for the purpose of ascertaining the effect of rest. It is probable, however, 
that the rest was too short to influence to any material extent the biological 
results, At all events, the results of the bacteriological examination of 
samples 94 and 98 gave very similar results. The unsatisfactory biological 
quality of these two effluents may possibly be attributed to the fact that 
crude sewage, which had neither passed through the settling tanks nor been 
chemically treated, was being applied to the land at the time that the 
samples were taken. It is important to note that Mr. Kershaw says that 
“a large amount of subsoil water gains access to the older sewers.” On 
the farm itself, however, but little subsoil water gains access to the effluent 
drains. Samples 226, 228, and 236, which yielded (particularly 236) bad 
results, were termed by Mr. Kershaw “first field’ effluents.” The 
variable character of the different effiuents does not seem always capable 
of being sufficiently explained either by the fact that some were final and 
others general effluents, or that the sewage was in some cases passed once 
and in others twice through or over the soil.t Samples 94, 98, 100, 102, 
103, 104, 226, 228, 236, were taken be/ore mixing with the low level sewage. 
This is an unusual course to adopt, and is accounted for by the general lie 
of the irrigable land (see Mr. Kershaw’s report). The results almost seem 
to indicate that, under certain circumstances, this may be a useful procedure. 
The mixture, it is to be noted, is passed over a plot of land before gaining 
access to the river. The effluents above referred to seem on an average 
to be somewhat worse than the rest of the samples. Samples 94, 96, 98, 
100, 102, 103, 104, 229, 232, were final effluents, and samples 106, 225, 230, 
234, 237 and 238 general effluents. 


4.—- Results considered in relation to tests other than the B. enteritidis 
sporogenes test. 


So far chief stress has been laid on the results obtained by the B. enteritidis 
sporogenes test. As regards other tests, it 1s to be noted that the average 
total number of bacteria in the sewage and effluents was as follows :— 





Gelatine at 20° ©. | Agar at 37° C. 
—— Number of | Number of Ratio. 
Microbes per c.c. | Microbes per ¢.c. 











Sewage - . : " - 24,381,250 3,304,375 3°6 to l 

Effluents (inclusive of first field 1,682,055 216,272 7T7tol 
effluents). [93% reduction.] | [93% reduction. ] 

Effiuents (exclusive of first field 637,133 81,526 7°8 to 1 
effluents). [97% reduction.] | [97% reduction. ] 











Unquestionably these results represent a high percentage degree of purifi- 
cation in the effluent as compared with the sewage, but when the actual 
number of bacteria remaining in the effluents is so great,too much reliance must 
not be placed on percentage purification. The average numbers in the effluent 
are considerably in excess of the standards suggested, viz., less than 100,000 
(gelatine at 20° C.) and less than 10,000 (agar at 37° C.) bacteria per ¢.c. It 
is, however, worth noting that the reduction in the number of bacteria 
capable of growing at blood heat (37° C.) was greater than that effected im 
‘he total number of microbes (gelatine at 20° C.). | 


The B. coli results were unsatisfactory, but not perhaps to a conspicuous 
extent, since, although only 5 out of 18 effluents (5 out of 15 excluding first 
field effluents) passed the suggested standard, nine additional samples came 
within measurable distance of passing this standard. 








* Addendum D, page 151. 
+ Although the effluents represent a mixture of surface and percolation effluents, the wide range of the 
ternperatures (sce Mr. Kershaw’s notes) would seem to indicate that the effluents were mainly surface effluents. 
(See also striking comparison between surface and percolation effluents throughout the year as given in 
Mr. Kershaw’s report.) : ; 
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In the table and diagram illustrating Appendix II. (page 196), the results 
as regards the “gas” and B. enteritidis sporogenes tests are brought into 
comparison. Of 17 (15 excluding first field effluents) effluents, nine passed 
the former and five the latter test. 


In the table and diagram illustrating Appendix IV. (page 203), the “gas,” 
B. enteritidis sporogenes, neutral-red “broth and litmus milk tests are com- 
pared. In this comparative series, however, only three samples of effluent 
from Rugby are included, the majority of samples being obtained from 
Aldershot Camp Farm. 


Indol test (indol in broth cultures, 5 days at 37° C.). 
Sample 93 


” 97 
” 99 
Sewages x, 224 f +-00001 c.c. 
Pr we: 
ape 
3 95 +0001 ¢.c. 


Sample 236 + ‘00001 c.e. 
Samples 94, 98, 225, and 228 + ‘0001 c.c, 

& 96, 226, 229, 234, and 238 + ‘001 cc. 

», 100, 230, 232, and 237 + ‘Ol c.c. 
As judged by this test, the majority of the effluents were not altogether 
satisfactory. As the standard suggested is a negative result with ios C.¢. ; 
only about 28 per cent. of the effluents passed this standard. Nevertheless, 
64 per cent. (approximately) either passed or came within measurable 


distance of passing this standard. 

When it is remembered that the method of treatment at Rugby consists 
chiefly of surface irrigation over clay land, the general bacteriological results 
must be regarded as decidedly good. 


Effluents 





5. Results of the bacteriological examination of additional samples of street 
* washings,’ brook water, mixed brook water and effiuent, and subsoil water. 


The results of the examination of these samples is shown in Table 20. 


TABLE 20.—Showing the results of the bacteriological examination of samples 
of street water, brook water, effiuent, subsoil water, etc., obtained from 
Rugby sewage farm. 




















Total Number of pee ye 
peter aiUee. ce) Number of Spores of B. enteritidis 
Description of the Sample. Oph al td Wit a a. colm(or closelyallied sporogenes (Klein’ S 
Belarc Agar | forms) per c.c. Pei ine ares change ” 
| at 20°C. | at 37°C. milk culture) per c.e. 
964. Street water from separate | 15,900,000) 94,000 10,000 + 1,-— ‘Olec. Atleast 
system, 20th June 1900. | | [Indol + -0001 ¢.c.] 10 but less than 100. 
105. River Avon above effluent | 156,000. 7,100 At least 100 Negative 10 c.c. 
outfall, 9th July 1900. | | 
06. Effluent, 9th July 1900 - | 164,000) 8,100 At least 1,000 Negative 1 ¢.c. 
108. River Avon + effluent, 9th | 51,000 3,000 At least 16 Negative 10 c.c. 
July 1900. ‘About 330 yards 
below 106%. 
227. Subsoil water, “25th February | 33,000 | 1,520 1 not 10 + 10¢.¢.,— lee. None 
1901. [Indol + l ¢.c.] in 1 cc. 
231. Street “ washings,” 4th Mar oe 930,000; 12,400 1,000 4 ‘O1,— ‘O0ic.c. Atleast 
1901. [Indol + -001 ¢.¢.] 100 but less than 1000. 
239. Same source as 227, 14th | — 310 1 not 10 —leec. None in] ce. 
March 1901. | [Indol + 1 e.c.] 
| { 








* Volume of effluent to River Avon about 1: 30 normally. 


Samples 964, 105, 106, 108, 227, 231, yielded the following results as 
regards the “gas” test (‘‘gas” in gelatine “shake” cultures in 24 hours at 
20° C.):— + 01,-"00l cc; + 1,-‘lee; + 1-01 oc; + 1,-‘lee; 
+ 1, — 1 cc.; negative ‘1 cc. respectively. 


6225 {iii ) Ti 2 


OO EE 
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Samples 231 and 239 yielded the following results as regards the neutral- 
red broth test (greenish yellow fluorescence in neutral-red broth in 24 hours 
at 37° C.):— +°01 — 001 cc; + 1 cc. respectively. 


Sample 231 yielded the following result as regards the litmus milk test 
(acid clot in litmus milk in 24 hours at 37° C.) —- + ‘01, — ‘001 cc. 


It is to be noted that samples 964 and 231 (street ‘‘ washings”), especially 
the former, yielded very bad results. However, the number of bacteria 
growing in agar at 37° C., as compared with gelatine at 20° C., was relatively 
small. In sewage, the ratio is a close one. Both these samples proved fatal 
to rodents on subcutaneous injection. (Addendum C.) 


The samples of subsoil water (227 and 239),* although containing a rather 
large number of bacteria, yielded very few B. coli(+1 ec.; —1 c.c.) and 
sample 227 contained no spores of B. enteritidis sporogenes even in 10 c.c. 
and sample 239 none in 1 cc. 


As regards sample 105} it appears from Mr. Kershaw’s notes that the 
sample, although collected above the high level farm effluent outfall, was 
collected about two miles below the low level sewage farm effluent outfall. 
This doubtless accounts for the sample being nearly as impure as the 
eflluent itself (106). Sample 108, collected about 330 yards below sample 
106, was considerably purer than the Avon River above the effluent outfall. 
The volume of the effluent to the river water is about 1: 30 normally. 


6.—General Conclusions. 


It is certain that none of the effluents were in a fit state to be turned into 
a drinking watert stream, and the majority of them could not be 
considered as altogether satisfactory for discharge even into non-drinking 
water rivers. But the fact that some of the effluents were so pure (relatively 
speaking)§ suggests that land of the kind available at Rugby, if it 1s not 
overworked, is not incapable of yielding a uniformly good effluent; if, in 
short, the area of land availabie for irrigation purposes is in proper proportion 
to the amount of sewage to be treated. In conclusion, the majority of 
the effluents may be said either to have passed or have come within 
measurable distance of passing the standards provisionally suggested ; there- 
fore, with justice, it cannot be contended that a heavy loam over stiff clay 
is wholly unsuited for sewage purification purposes. Percentage, as opposed 
to actual purification, is misleading, but the remarkable percentage 
improvement in the effiuents as compared with the sewage is worth noting, 
although it must be admitted that the actual results were not altogether 
satisfactory. For statistical information see tabular statement at the 
beginning of this Report, Section VIII. 


Addendum A.—Comparative records as regards (1) the “gas” test, and (2) B. 
enteritidis sporogenes tests of samples obtained from Rugby as well as other 
sewage farms. 


These results are shown in the table and diagram, illustrating Appendix 
III. (page 196), and they include all the samples (from other sewage farms 
as well as Rugby) which were examined by both of these tests. Altogether, 
194 samples are dealt with, of which 24 were obtained from Rugby sewage 
farm. Of the 17 effluents (15 excluding first field effluents) 9 passed the gas. 
test, and 5 the B. enteritidis sporogenes test. 





*From Mr. Kershaw’s notes it appears that these samples were drawn from a well (20 ft. deep, containing 
10 ft. of water) on the farm. The land is sewaged to within about 40 ft. of the well. From the situation 
and surroundings of this well, Mr. Kershaw considers that sewage pollution might occur. Under the 
circumstances the biological results are surprisingly good. 


_ +The usual biological impurity of the river water into which effluents are discharged must inevitably 
influence the question of the final selection of reasonable biological standards of purity to be attained by the — 
effluents themselves antecedent to discharge into such rivers. 


+ It must be remembered that my standards suggested for effluents destined to discharge into non-drinkin 
water streams are so moderate in character, that even if an effluent were diluted at least ten to one-hundr 
times with pure river water, the mixture would constitute a liquid potentially dangerous for drinking 
purposes, and no responsible bacteriologist would consider it as safe for domestic use. 


§ For example, seven out of fifteen effluents contained Jess than 10,000 microbes per c.c. (agar at 37° C.), 
The average number in these samples was less than one-half the standard limit of 10,000 per c.e, 
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Addendum B.—General comparison as regards (a) the gas; (b) B. enteritidis 
sporogenes ; (c) neutral-red broth; and (d) litmus milk tests of sample obtained 
from Rugby as well as other sewage farms. 

These results are shown in the table and diagram, illustrating Appendix 
TV. (page 203), and they include all the samples (63 in number) which were 
examined by all (with a few exceptions) ofthese tests. Most of the samples, 
however, were obtained from Aldershot Camp sewage farm, and the Rugby 
‘samples were only four in number. Three of these were effluents, and 
taking the tests in the above order, 3, 3, 3, and 1, respectively successfully 
“passed” the standards set up for these four tests. 


Addendum C.—Addttional bacteriological notes. 
4Streptococct. 
Streptococcus 13 was isolated from yo/5p ¢.c. of effluent 94. Surface agar 
plate culture incubated at 37° C. 

* Morphology.—Very short chains of cocci. Stains well by Gram’s method. 
Gelatine streak cultures (20° C.).— Very minute transparent-looking colonies. 
Agar streak cultures (37° C.).--Culture made from a broth culture (7 days 

old) did not show any growth. The experiment was repeated with a like 
negative result. 


Broth cultures (37° C.).—Diffuse but not abundant cloudiness. 
Intmus milk eultures (87° C.).—Strong acidity but no clot. 


Streptococcus 19 was isolated from ;j5 cc. of effluent 226. Agar plate 
culture incubated at 37° C. 

This microbe produced diffuse cloudiness in broth cultures. Examined 
microscopically the chains of cocci were found to be of medium length. 


Streptococcus 20.—Was isolated from roto0 c.c. of effluent 230. Broth 
culture incubated at 37° C. and subsequent plating. 

Morphology.—A streptococcus forming very long chains. Stains well by 
Gram’s method. 

Agar plate cultures (37° C.).—Minute transparent-looking colonies. Under 
a low power of the microscope the colonies show coarse wavy granulation 
and at the edge of the colonies the separate loops of cocci are visible. 


Gelatine plate cultures (20° C.).—No growth after one week. 
Agar streak cultures (37° C.).—Minute transparent-looking colonies. 
Gelatine streak cultures (20° C.).—No appreciable growth after one week. 


Broth cultures (37° C.).—The liquid remains quite transparent; at the foot 
of the tube a white woolly mass collects. 


Litmus milk cultures (37° C.).—Acidity, but no clot. 


Remarks.—Not found to be pathogenic to guinea-pigs. 

Streptococcus 21.—Was isolated from isto cc. of effluent 233. Surface 
gelatine plate cultures, incubated at 20° C. In broth cultures, growth 
occurred at the foot of the tube as a viscous white mass, the liquid remaining 
quite clear. Examined microscopically, the chains of cocci were of medium 
length. 


Animal Inoculation Experiments.—Three guinea-pigs (a, b, and c) were sub- 
‘cutaneously inoculated with (a) 4 c.c. of effluent 225; (b) 10 cc. of effluent 
232; (c) 10 cc. of effluent 237. They all (a, b, and c) recovered from the 
effects of the injection. 
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Two guinea-pigs (a and b) were subcutaneously inoculated with 1 c.c. (a): 
and 2.c.c. (b) of sample 96 A (street “ washings”). Both showed a strong 
local reaction. (a) guinea-pig recovered, but (b) guinea-pig suffered from 
ulceration of the abdominal wall and died on the fourth day. 


Two guinea-pigs (a and b) were subcutaneously inoculated with 2 c.c (a) 
and 4 c.c. (b) of sample 224 (sewage). In the case of (b) the sewage was 
first (before the inoculation) heated to 80° C. for 10 minutes. (b) Guinea-pig 
recovered from the effects of the injection; (a) guinea-pig died after some 
weeks from pseudo-tuberculosis (B. pseudo-tubereulosis of A. Pfeiffer). 


A guinea-pig was subcutaneously inoculated with 10 c.c. of effluent 230.. 
The animal seemed to be but little, if at all, affected. Death took place. 
on the fourteenth day, but probably not from the effects of the injection. 


A guinea-pig was subcutaneously inoculated with 4 cc. of sample 231 
(street washings”). It died on the second day, doubtless from the effects. 


of the injection. 


Two guinea-pigs (a and b) were subcutaneously inoculated with 3 c.c. (a) 
and 6 c.c. (b) of sample 233 (sewage). In the case of (b) the sewage was 
first (before the inoculation) heated to 80° C. for 10 minutes. (a) Guinea-pig 
died on the second day ; (b) guinea-pig recovered completely from the effects. 
of the injection. 


A guinea-pig was subcutaneously inoculated with 10 ¢.c. of effluent 234. 
The animal was seemingly but slightly affected. 39 days after the injection, 
it was killed and examined. The organs seemed to be normal but at the 
site of the inoculation a small abscess was found. Cultures made from this. 
yielded 2 proteus-like microbe. This microbe was actively mobile, liquefied 
gelatine, gave “gas” in gelatine shake cultures, and produced clotting and 
peptonisation in milk cultures. 


Two guinea-pigs (a) and (b) were subcutaneously inoculated with 2 c.c. (a): 
and 8 c.c. (b) of sample 235 (sewage). In the case of (b) the sewage was 
first (before inoculation) heated to 80° C. for 10 minutes. Both the animals. 
died. . 
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AppENDUM D.—Mr. Kershaw’s abridged notes to accompany bacteriological 
data.* 


RUGBY HIGH LEVEL SEWAGE FARM. 
Additional Notes on Samples. 


Sample No. 94.—This effluent was from crude sewage which had neither passed through the settling 
tanks nor been chemically treated. 


Effluent had a slight sewage smell. The rye grass was a fair crop, and ready for cutting. (Third crop.) 

Sample No. 96.—This effluent in common with all other effluents treated twice (unless otherwise men- 
tioned), after passing over the first field mixes with the precipitated sewage (from the low level tanks), 
further down the farm, and this mixture is then passed over another plot before reaching the river. 


Sample No. 98.—Effluent off rye grass after 3 days’ rest: 1.e., off the same plot as No. 94 and therefore 
comparable with it, for the purpose of ascertaining the effects of rest. 


Sample No. 99a. This effluent was obtained from oats which had previously been cut to make ensilage. 
Sample No. 100.—Very slight sewage smell. 


Sample No. 105.—River Avon water taken above effluent outfalls. River very low, apparently in good 
~condition. Bed of river clean. 


Note.—The low level sewage farm effluent outfall discharges into the river about two miles above 
the point where this sample was taken. 


Sample No. 107.—River water and effluent taken after mixing. 
Sample No. 108.—River water and effluent taken 250 yards below sample No. 107. 


Sample No. 226b.—River water and effluent taken 200 yards below effluent outfalls, clear green colour. 
River high. 


Sample No. 227.—Water drawn from well at manager’s house on farm, well 20 ft. deep, 10 ft, of water. 
Well sunk into the Lias Clay. Water clear and effervescing. The sample was drawn from the pump after 
three minutes pumping. 


Sample No. 230a.—River water above effluent outfalls rather cloudy, due to flood water coming down. 
See Note as to sample No. 105. 


Sample No. 231.—“‘ Street washings” taken from a surface water drain ; not much vehicular traffic in the 

street, surface of street very clean from previous heavy showers This sample would include water from the 
- front roofs of houses. 

Sample No. 234a—River water taken below effluent outfalls, river very high and in flood, a cloudy sample. 


Sample No. 234. -General effluent, faint yellow colour, no smell, effluent on mixing with river water 
turned a red-brown colour. 


Sample No 238a.—River water and effluent taken ten yards below effluent outfall, clear, no smell, rive 
still fairly high. 


Sample No. 239.—Well wate: taken from same source as No. 227. 
Note.—-The land is sewaged within about 40 feet of this well, and it appears quite probable that 


the well may have been polluted. 


* In a few instances samples are referred to in this addendum concerning which there are no bacterio- 
logical records. ‘bese were extra samples collected by Mr. Kershaw for chemical analysis. 
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DOMESTIC SEWAGE. 





























: } Length 
Number f eas : Area of of Time these Nature | 
Gy tee ve te Plot ox Plots Plots had og 
of , ae ae het sewaged at the | been sewaged Remarks. 
aoe ne time of drawing] previously Crops grown 
ite eta Sample. to drawing Pi 
Sample. Soil. Sample. on Pilots. 
Acres 1 . 
94 Once 2°25 10 days Ryegrass = - - - | *Filtration effluent. 
96 Twice 1°70 5 days 2 - : - | Surface and filtration effluer 
98 Once 2°25 6 hours 35 - » .» ” 
99a 15 5 days Young oats (just cut) - | * , 3 as 
: 1°5 é % ; 
100 Twice 5 3 8S Ryegrass = C = ” ” ”» 
10la Once 0°5 5 hours Young oats (just cut) - | * 4 > 
102 Twice 0°75 3 days Ryegrass = - - a ea » ” ” 
10 1 da 
103 , our 4 deve Cut oats and Ryegrass | * a = te 
1-0 2 
104 ” 1676) 5 i. 29 ae 99 3 3 3 oh ; 
106 . — — = General efiluent. 
225 Twice | 6°0 — Arable and ryegrass General effluent (surface 
filtration). 
226 Once 5°75 A Se Arable - - - | *Filtration effluent. F 
226a Twice = ae Arable and ryegrass - | General ac ‘ 
226¢ ” ae a Le) ” ’ 19 ” (surface 
filtration). a 
228 Once 4°75 1 day Arable - - - *Filtration effluent. § 
929 Twice tis 2 days Arable and ryegrass - 7 and surface effin 
230 5 — — pee erie ee) General effluent __,, * 
N99 : 
Se ” j —- a ” 2» 2 z ” ” 39. ie ” 
234. ” a oar ” ” oe = ” ” oD) ” 
234) ” a Siete 9 a 29 5 ” ” ” ” 
ca 
234¢ ” ree a ” ” ” . ” ” ” ? 
234d ” aay = cB) ) 2 ” 2” oP] ee. 
236 Once 4°75 > eee Arable - - | *First effluent »/- ha 
237 Twice a = Ps - - | General , ee Fy 
‘ 4:0 
238 ” 1 i900 p 2 ” ” * ” ” ” ” 
238b Once 4°90 Drie ca . - -* First 3 ” » 
238¢ Twice <i ae en z : 

















General ,, ” ” 


Note. —All effluents to which an asterisk (*) is prefixed wer taken before mixing with the low level sewage. 





RUGBY SEWAGE FARM. 





SEWAGE SAMPLES. 




















Number of Sample. — oe ees Nature of Sewage. Remarks. 
| 
93 11.0 a.m. Crude sewage - - - | This sewage waa applied to the 
land before being chemically 
treated, or passed through the 
settling tanks. 
95 1 are Screened and chemically | Alumino Ferric, sulphate of iron 
precipitated sewage. and lime solutions were used— 
Alumino Ferric alone at nigiiv. 
97 1.45 p.m. Crude sewage - 4 .-*| As No. 93. 
99 Noon. Sereened and chemically | Chemically precipitated and 
precipitated sewage. screened sewage—as No. 95 
101 10.30 a.m. Fs a5 “ As No. 97. 
ad 
224 4.0 p.m. Screened and _ settled | Not chemically treated. ote 
sewage—dilute. None of the sewage was being 
chemically treated at this visit. 
233 11.15 a.m. Crude sewage—dilute - | As Nos. 93 and 97. An oily film 
; on surface. 
235 EOS Crude sewage— strong - | As Nos. 93, 97, and 233, contained 
: a good deal of sediment. 
472 
473 24 hrs. samples 
474 











SANDHURST, LINDFIELD, LUTON, WORSLEY, HEMSWORTH, AND 
DERBY COUNTY ASYLUM SEWAGE FARMS.* 


As the samples obtained from these places were not very numerous, the results 
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SECTION IX. 





have been grouped together in the following table :— 


Tape 21.—Showing the results of the bacteriological examination of samples of 
sewage, effluents and other liquids obtained from Sandhurst, Lindfield, Luton, 
Worsley, Hemsworth, and Derby County Asylum Sewage Farms. 





61 


62 


63 


719 


91 


92 


240 


241 


242 


243 


244 


Description of the Sample. 


Sandhurst settled sewage - 
4th April 1900. 


First field effluent - - 
4th april 1900. 


Final effluent = - 
4th April 1900. 


Lindfield final effluent 
21st April 1900. 


Settled sewage - 
2ist April 1900. 


Settled sewage - 
7th June 1900. 


Final effluent : = - 
12th June 1900. 





Luton spring water from 
watereress beds. 19th 
March 1901. 


Mixture springs from water- 
cress beds. 19th March 
1901. 


Well water, 20 feet deep - 
19th March 1901. 

Spring water in watercress 
beds. 27th March 1901. 

Well water corresponding 


to 242. 27th Mareh 
1901. 


2444 Crude sewage 


409 


410 Luton well water. 


27th March 190!. 


Luton filtration effluent = - 
5th November 1901. 


th No- 
vember 1901. Same well 


as 242 and 244. 


* Notes relating to Dr. Vivian Poore’s experimental garden at Andover are also included. 


, Samples 409, 411, 412, 413, 414, 441 and 442 gave the following results as regards the neutral red broth test (24 hi 
at 37° C.); + 0001 c.c.; + ‘i, — ‘Ol e.c.; + 00001 cc. ; + 00001 cc.; + *00001 ce. 3; +.'00001 c.c. ; + ‘00001 c.c. ; | 


+ *00001 c.c., respectively. 


Samples 409, 411, 412, 413,{414, 441 and 442 











SANDHURST SEWAGE FARM. 





Total Number of Bacteria 
per ¢.c. Number of 
B coli. (or closely 
Gelatine at Agar at allied forms) per c¢.c. 
20° C. 37° C. 
ee 3. 4. 
21,600,000 1,510,000 | At least 100,000 - 
{Indol + :00001 e.c¢.] 
2,230,000 66,000 | 1,000 not 10,000 - 
[Indol + :0001 ¢.c.] 
338,000 115,400 | 1,000 not 10,000 - 
{Indol + :0001 ¢.c¢.] 





LINDFIELD SEWAGE FARM. 


42,000 510 | 100 not 1,000 - - 
[Indol + :01 ¢.c.] 

102,400,000 13,360,000 | At least 100,000 - 

[Indol + 00001 e.c.] 

55,200,000 8,700,000 | At least 100,000 - 

[Indol + 00001 c.c¢.] 

292,000 46,000 | 1,000 not 10,000 - 
[Iudol + -001 ¢.c.] 








LUTON SEWAGE FARM. 








1,030 105 | None in 1 ce - | 
[Indol + le.e.] 
66,000 860 | 10 not 100 - - 
{Indol + 01 ¢.¢.] 
40,000 410 | At least 10 
[Indol + ‘ic.e.] 
570 33 | None in 1 c.c.] 
, [Indol, neg 1 ¢.c.) 
800 266 None 10 1 ¢.¢. - 
[Indol + 1 e.e.], 
| 
90,600,000 15,540,000 | At least 100,000 - 
[Indol + 00001 ¢.e.] 
16,120,000 4,172,000 | At least 100,000 - 
{Indol + :00001 e.e.] 
52,000 2,090 | 1 not 10 - : - 
[Indol, ‘neg. 1 ¢.c.] 








+ 001, - 0001 c.c.; + 001 — ‘0001 ¢.c.; and + ‘01, - ‘001 c.c., respectively. 








gave the following results as regards the “gas” test (“gas” in gela 
shake cultures, 24 hours at 20°C.); + ‘O00le¢.c.; — lee. 3; + ‘001, ee ‘0001 c.c¢. ; + 001, - “0001 Ce "6 "0 


\ 


















Number of 
Spores of B. enteritidis 
sporogenes (Klein’s “ enteritidis 
change” in milk culture) 
per ¢.c. “J 


yy 


"Os 


+ ‘01, - ‘00lc¢. At least 100 
but less than 1,000. 3 


+ ‘1,-‘Oleec. At least 10 bus 


less than 100. 


+ ‘01, — ‘00l¢.c. At least 100 
but less than 1,000. oa 


f ‘ , 


=i 
\ 


+1,-‘le.c, At least 1 but less 
than 10. a 


AI 


+ +001, - "0001 cc. At least 
1,000 but less than 10,000. _ 


- ditto’ ~~ “"dibte, - 


t 
; 


+ 1, f= “0Pere 


At least 10 but 
less than 100. — 


Negative, 10 c.c. ‘) 
\ 
+10¢c.-lec. None inl ce. 


Negative, 10 c.c. 
- ditto. 


- ditto. 


+ 001, — ‘0001 ec. Atleast 
1,000 but less than 10,000. 


+01, — ‘00le.c. At least 100 
but less than 1,000. 


Negative 1 ¢c.c. 


+ 001 — “0001 ¢. 


411 


412 


413 


414 


441 


442 


277 


278 


279 


Description of the Sample. 


LUTON SEWAGE FARM—continued. 





Total Number of bacteria 





Number of 
B. coli. (or closely 
allied forms) per ¢.c. 


Number of 
Spores of B. enteritidis 
sporogenes (Klein’s “ enteritidis 
change” in milk culture) 
per ¢.c. 





5. 





Luton settled sewage - - 
7th November 1901. 


Luton filtration effluent 
7th November 1901. 


Luton settled sewage - - 
1ith November 1901, 


Luton filtration effluent - 
11th November 1901. 


Luton settled sewage - - 
12th December 1901. 


Luton filtration effluent 
12th December 1901. 


Worsley crude sewage - 
13th May 190]. 


Final effluent : . - 
13th May 1901. 


Liquor from peat land (not 
effluent). 15th May 
1901. 


Effluent from peat land - 
15th May 1901. 


Crude sewage - - 
20th May 1901. 


Effluent from peat land 
20th May 1901. 


Peat water not effluent = 
20th May 1901. 


Brook water above effluent 
outfall. 20th May 1901. 


Crude sewage’ - - - 
28th May 1901. 


Effluent peatland - - 
28th May 1901. 


Effluent gravel and sand 
grit. 28th May 1901. 

Peat water - - - 
28th May 1901. 











per ¢.c. 
Gelatine at Agar at 
20° C. 37° C. 

2. 3. 
27,800,000 3,400,000 
11,020,000 1,568,000 

9,800,000 2,290,000 
8,800,000 2,310,000 





At least 100,000 - 


[Indol + -00001 ¢.c.] 


Less than 10,000 - 
[Indol + :0001 e.c¢.] 


At least 100,000 
[Indol + -0001 ¢.c.] 


At least 10,000 - 


[Indol + :0001 c.c.] 





+ :001, — -0001 c.c. At least 
1,000 but less than 10,000. 


+ ‘01, — ‘00le.c. At least 100 
but less than 1,000. 


+ ‘01, - ‘00lc.c. At least 100 
but less than 1,000. 


+ ‘01, — ‘00lc.c., At least 100 
but less than 1,000. 


+ ‘001, —- ‘0001 c.c. At least 
1,000 but less than 10,000. 


+ ‘01, — ‘00le¢.c. At least 100 
but less than 1,000. 








WORSLEY SEWAGE FARM. 


48,400,000 7,380,000 
240,000 59,000 
310 65 
400,000 142,000 
790,000 350,000 
125,000 25,000 
11,200 1,000 
304,000 41,500 
60,000 000 19,560,000 
670,000 17,000 
1,340,000 9,200 
244,000 300 





At least 100,000 - 
[Indol + -00001 c.c¢.] 


100 not 1,000- | 


[Indol + ‘001 ¢.c.] 


Negative 75 ¢.c.  - 
[Indol + ‘le.c.] 


At least 1,000 - 
[Indol + 001 ¢.c.] 


At Jeast 10,000 


At least 1,000 


{Indol + ‘001 c.e.] | 


At least 100 - - 
{Indol + :01 ¢.c.] 


At least 100 - 
[Indol + -01 c.c.] 


At least 100,000 - 
[Indol + :00001 c.e.] 


At least 1,000 - 
[Indol + ‘001 c.c.] 


Less than 1,000 
[Indol + ‘01 ¢.e.] 

1 not 10 - = - 
[Indol + ‘le.c.] 





-| + ‘1, - ‘Olee, 
[Indol + -0001 ¢.e.] | 


| 
| + ‘01, — ‘001 c.c. At least 100 
| but less than 1,000. 


| 





+1,- ‘lee. At least 1 but 


| less than 10. 


None in 1] e.e. 


| 
b+ 1, —el.ee At-Jeast I but 
| less than 10. 

At least 10 but 
less than 100. 


| 
| 


SSE We ores 
less than 10, 


At least 1 but 


ditto diito. 


ditto ditto. 


+ ‘01, — ‘001 cc. Atleast 100 
but less than 1,000. 


No record. 


+1,- ‘lee. Atleast 1 but less 
than 10. 

+) PAI -OMEC..Cs 
less than 100. 


At least 10 but 





nt ae 


291 
292 


293 


Hemsworth settled sewage - 
4th June 1901. 


Corresponding effluent 
4th June 1901. 


Crude sewage’ - - - 
5th June 1901. 


Final effluent - - - 
5th June 1901. 








HEMSWORTH SEWAGE FARM. 


44,000,000 6,120,000 

5,040,000 292,000 
* 

48,400,000 14,960,000 

5,280,000 540,000 





At least 100,000 - 


| [Indol + *00001 ¢.e. ] 


100 not 1,000 - - 
{Indol + :001 c.c.] 


At least 100,000 
[Indol + °00001 ¢.c}- 


| At least 10,000 





[{Indol + :0001 c.c. |- 





+ ‘01, - ‘001 cc. At teast 100 
but less than 1,000. 


ditto - ditto. 


+ 001,- ‘0001¢.c. Atleast 1,000 
but less than 10,000. 

+ 1,- ‘Oleec. Atleast 10 but 

less than 100. 
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DERBY COUNTY ASYLUM SEWAGE FARM. 
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Total Number of bacteria Wantberae 
pees ae oe Spores of B. ent 2ritidis 
Seis : fe Se Si | B. coli. (or closely | sporogenes (Klein’s ‘ enteritidis 
Description of the Sample. ; ; chanze” in milk culture) 
Gelatine at Agar at allied forms) per ¢.c¢. ay LN a 
20° C. 37° C. Mite 
L. | 2. | 3. 4. | 5. 
295 Derby County Asylum 11,100,000 4,680,000 At least 100,000 -| + ‘1,— ‘Ol c.c. At least 10 but 
crude sewage. 11th June [Indol + -00001 ¢.c.]}. less than 100. 
1901. 
296 Corresponding effluent - 2,580,000 382,000 | 1,000 not 10,000 -j|- ditto - ditto. 
llth June 1901. [Indol + ‘001 e.c.] 
297 Finaleffluent' - - E 2,540,000 388,000 | At least 1,000 -| + ditto Mt -saoteo: 
12th June 1901. | | [indol + ‘00001 ¢.c.] 
298 Same, farther down ditch - | 420,000 64,000 | At least 1,000 ==  dittod = aiadattas 
12th June 1901. [Indol + -001 c.c. } 








SANDHURST SEWAGE FARM. 


It is unnecessary here to enter into any description of this farm, as 
Mr. Kershaw has prepared some brief notes on the subject to accompany 
the bacteriological report. (Addendum A., page 164.) 

Three samples (61, 62 and 63) were examined. The first (61) was a 
sample of settled sewage, and the results were very similar to those usually 
obtained in the bacteriological analysis of sewage. Sample 62 was a first field 
effluent, and 63 a final effluent. Neither of these samples could be regarded 
as quite satisfactory, according to my suggested standards, but the samples 
showed a high percentage degree of purification, as compared with the settled 
sewage. 


LINDFIELD SEWAGE FARM. 


Mr. Kershaw’s notes on this farm accompany the bacteriological report, 
and so no further description need here be given. (Addendum A., page 164.) 

Four samples were examined; two of settled sewage (80 and 91), and 
two of final effluent (79 and 92). The sewage yielded exceptionally high 
figures as regards the total number of microbes present and the effluents 
were in comparison remarkably good. Particularly was this the case as 
regards No. 79. It appears, however, that this sample was diluted with 
subsoil water. It is worth noting that the soil is clayey, and lable to 
crack badly. Further, that Mr. Kershaw classed both of the effluents as 
having a slight sewage smell. The bacteriological results are therefore all 
the more striking. 


LUTON SEWAGE FARM 


It will be seen from Mr. Kershaw’s report (Part IV. Engineering and 
Practical Report) that the surface soil rests on chalk, and that the effluent 
soaks into the chalk. Mr. Kershaw, however, by dint of much ingenuity 
and labour, managed to obtain samples representing chalk filtration 
effluents by digging a deep hole and making therefrom a_ lateral burrow — 
into the substance of the chalk. Previously he collected samples from a _ 
well and from springs in the immediate vicinity of the farm, which, owing 
to the direction taken by the underground water might be expected to be 
influenced by the percolation of the effluent through the chalk (see 
Mr. Kershaw’s report and plan). | 

The well waters, 242, 244 and 410 all.yielded negative results as regards 
the B. enteritidis sporogenes test. Two out of the three samples contained B. 
coli, and a large total number of bacteria. The water coula not be regarded 
as safe for drinking purposes. ; 

As regards the spring water, samples 240 and 243 were comparable, 
being both drawn from the same place. They contained no spores of B. 
enteritidis sporogenes, even in 10 ¢.c., and no B. coliin 1 cc. Sample 241 
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(mixture of springs from watercress beds) was less satisfactory, as positive 
results were obtained both with the B. coli and B. enteritidis sporogenes 
tests, with ‘1 cc. and 10 cc. respectively. 

The chalk filtration effluents (409, 412, 414, and 442) obtained by 
Mr. Kershaw by artificial means, yielded very bad results on bacteriological 
analysis, and were not bacteriologically remote from samples of untreated 
sewage. 


WORSLEY SEWAGE FARM. 


In his report en this farm, Mr. Kershaw is careful to draw a distinction 
between the northern portion of the farm, consisting of a gravel and sand 
soil, where most of the sewage is treated, and the southern part, which is 
covered with a deep bed of peat. 

Three samples of crude sewage were examined (277, 281 and 285). Of 
these 281 was peculiar as being an exceptionally weak sewage, judged by 
biological analysis.” 

Samples 279, 283, and 290 were representative of water draining away 
from the peat and were not contaminated, so far as could be judged by 
admixture with the effluent. Sample 279 was of great purity, but 283 and 
290 were by no means so pure, and possibly they may have received some 
drainings from land at one time sewaged. 

Sample 287, derived from the gravel and sand portion of the farm above 
referred to was in most respects a good effluent. 

Samples 278, 280, 282, and 286, are of especial interest, as they 
represent effluents from peaty land. They yielded good results as regards 
the B. enteritidis sporogenes test, but the total number of bacteria and 
number of B. coli was not wholly satisfactory. Nevertheless the results, 
considered in relation to the peaty characters of the soil on the farm, are 
surprisingly good, and do not, considered from the bacteriological point of 
view, altogether bear out the view so generally held, that peat is quite 
unsuitable for sewage purification purposes. 

Sample 284 was from the Parrin brook (above the effluent outfall), which, 
according to Mr. Kershaw’s notes (page 167), was in a very bad condition. 
The bacteriological results showed that it resembled a sewage effluent of 
medium quality. 

Samples 277, 285, 278, 280, and 287 were also examined by the neutral 
red broth, litmus milk, and gas tests (see Appendix IV., page 203). 


HEMSWORTH SEWAGE FARM. 
(Domestic sewage. ) 


It is apparent from Mr. Kershaw’s report] that the conditions are most 
unsuitable on this farm for the proper purification of sewage. The land consists 
of heavy clay and is almost impervious, and the underdraining probably only 
serves by means of cracks and fissures to allow the sewage readily to escape 
without really passing over or through the soil. Moreover, as Mr. Kershaw 
points out, the conformation of the farm and the fall of the ground militate 
against effective treatment of the sewage. Lastly, the amount of sewage to be 
treated is out of all proportion to the irrigable area. 

Four samples were examined, one of settled sewage (291), one of crude 
sewage (293), and two effluents (292 and 294). 

As regards the effluents, both were unsatisfactory as regards the total 
number of bacteria present and number of spores of B. enteritidis sporogenes. 
Effluent 292, but not effluent 294, passed the standard set up for the B. coli 
test. 


DERBY COUNTY ASYLUM SEWAGE FARM. 
(Domestic sewage. ) 


According to Mr. Kershaw’s report, the conditions on this farm for the 
proper purification of sewage were of an unsatisfactory nature. The soil is 
clay, and much of the sewage appears to escape, by means of cracks and fissures 
in the soil, into the underdrains without undergoing any proper treatment. 








* Since the above was written, Dr. McGowan has informed me that this sample had an acid 
reaction, which persisted even after boiling. 
+ Part IV. Engineering and Practical Report, 


160 


Four samples were examined, one of sewage (295) and three of effluents 
(296, 297, 298). The effluents were all unsatisfactory, but 298 collected 
lower down the ditch than 297, showed signs of improvement. 


Samples 295, 296, 297 and 298 were also examined by the neutral red 
broth, litmus milk, and gas (see Appendix IV., page 203). 


ANDOVER.* 


Two samples were collected from Dr. Vivian Poore’s experimental garden 
at Andover. . 


One (415) was a sample of shallow well water. The well is in the middle 
of the garden and was constructed in 1891. The surrounding land (1 acre, 
1 rood, 7 poles) has been manured for over 14 years with the ordure and 
house refuse of about 100 persons. The water can only enter the well 
through the bottom. t | 


The results were as follows :— 


elatine at 20° C. - £ : 1,400 
Total number of bacteria | iid \ per c.c. 
| agar atesv. Oa : - 280 | 


B. coli per c.c. :—-At least one, but less than 10 in 1 c.c. 
Indol test :—Positive result, 1 cc. ; negative result, 0-1 c.c. 
B. enteritidis sporogenes test :—Negative result, 1 c.c. 


“Gas” in gelatine “shake” cultures (24 hours at 20° C.) :—Negative 
result; '1c.¢ 
Neutral red broth test :—Negative result, 0-1 c.c. 


Under the circumstances described above, the results were surprisingly 
good, but the presence of B. coli in 1 cc. shewed that contamination, 
presumibly of animal sort, was not altogether absent. 


The other sample (416) was a sample of rain-water from an artificial 
filter. The filter was constructed on the Venetian principle.{ 


The results were as follows :-—- 


gelatine at 20°C. - - - 25 
per,.¢.c. 


Total number of bacteria - 
| agar at 37°C. - - - : 7 


B. coli, indol, “gas” and B. enteritidis sporogenes tests :—Negative 
results with 1 c.c¢. 


Neutral red broth test :—Negative result with 0°1 c.c. 


The results were obviously of a very satisfactory nature, but it must be 
remembered that in judging waters from the point of view of potability, a 
more elaborate method of analysis (Pasteur filter-brushing method) 1s 
necessary than was carried out in the present instance before final 
conclusions can be drawn. 


* See Addendum <A., page 164. ; 


+ t For fuller details Dr. Poore’s book must be consulted.—“ The Earth in relation to the Preservation and 
Destruetion of Contagia.” 
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-WORSLEY.. — 1 * 
| Sewack SAMPLES. Pa { | 
No. of Sample. | Nature of Sewage. Character. | Time taken. 
ie | i 1 
277 -  +- ~ ~- Containing dye refuse _ - | Crude sewage ‘ 11.45 a.m. | Neither screened nor 
v2) | ash colour ae 
Po eee ee Cee Pe es screened nor sett 
ish colour, 
4 1 av é ‘ +‘ 4 « 5 ‘ é a * . ie , | 
, 3 ‘ si tal la* oe 
Bb - s = rae! rh ” -| 12.0 noon Neither screen s 
phe ee aes ‘ | . — looking. 
| a 





* COMPARATIVE SAMPLES 


a 


onli ine 
ry of Be a. 















(or Samples taken from the same Plots of. 


eed 


i . 
No. of Sample. i 
oe |e. ee Ss Ele £8 See eee : 
? “4 : | , ‘co. % 
oso ti‘ Sst‘ !”*”t le LL By comparative samples is meant samples dra 


and the effluents in brackets are comparable 
O82) ge en on ae ee ee. - of land is concerned. | “er: ee 
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WORSLEY. 


EFFLUENTS AND OTHER SAMPLES (Not SEWAGE). 





Number 
of 


Sample. 


278 


279 


280a 


282 


290 








Length 























Number Area of of time these Nature 
of times the plot or plots plots had of 
sewage is sewaged at the,| been sewaged Remarks. 
passed through | time of drawing previous crops grown 
the soil. Sample. to drawing rat 
Sample. Sher weeeas 
Acres. 
Once 7°50 24 days Rye and various coarse | Yellow colour, slight sewage 
grasses. smell—final effluent. 
— — — _ Liquor from peat land—yellow- 
ish colour.’ 
_ -— -- _ Brook water and_ etiluent 
| taken 20 yards below efflu 
ent outfall—muddy colour. 

Once 7°50 - Rye and coarse grass Yellow colour, slight smell— 
final effluent. 

Once 7:50 12 hours ‘ : , | Reddish yellow colour sewage 
and iron sme}l— final efflu- 
ent. 

— -— — — | Liquor from peat land—yellow 
colour. 
= 288 a — | Brook water above effluent 
q | outfall—muddy dirty co- 
lour. 

Once 7°50 12 hours Rye and other grasses -/| Final effluent—yellow colour, 
sewage smell. 

Once 8°50 15 hours a , e Final effluent—yellow colour 


but no smell. 


Brook water above effluent 
outfall—yellowish colour. 


Brook water and effluent taken 
| 100 yards below effluent out- 
fall. 


| Peat liquor, dirty yellow 





: colour. 
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WORSLEY SEWAGE FARM. 
Additional Notes on different Samples. 


Sample No. 277.—There appeared to be a larger quantity of dye refuse in it. 


Sample No. 278.—Final effluent from peat land. There was scarcely any surface soil whatever, the 
decayed peat forming the greater porcion, in cuttings where visible, the peat at a depth of 5 to 6 feet was 
lying upon a layer of very fine white sand. The land sewaged had not been fiialiy levelled, and consequently, 
the sewage had a tendency to pondin some parts. The plot was covered with coarse herbages, chie y grass. 


and water plants. 


Sample No. 279.—This sample was drawn from water draining from the peat into an open ditch cut in the 
peat. Iam unable to state definitely whether this ditch had ever been moet by sewage or effluent. The 
manager informed me that it had not been, to the best of his knowledge; and judging from the appearance 
and position of the spot, I should say it was unlikely. 


Sample No, 280a.—Brook water and effluent ; the brook appeared to be in a very bad condition, both 
above and below the effluent outfall; the bed of the stream was covered with black mud and there was a 
large amount of sewage weed preseat. I was given to understand by the manager that another sewage farm 
effluent empties into tnis stream before it passes the Worsley. The sample was a dirty muddy colour. The 
effluent outfall discharges at right angles to the stream and both appeared well mixed. The brook joins the 
ship canal further down. 


Sample No. 287.—Final effluent. This was a sample drawn from another portion of the farm, where the 
soil was composed of sand and gravel, but no peat, and suitable for sewage treatment. It appeared to be a 
fair average sample of the effluent which the better portions of the farm turn out. 
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CONCLUSIONS. 


The most important question to be answered from the bacteriological 
point of view is as follows :— 


1.—Can the treatment of sewage on land so modify its biviogical qualities 


as safely to admit of the discharge of effluents from land processes into drinking 


water streams ? 


On the basis of the results embodied in this report, with the apparent, 
rather than real, exception of Nottingham sewage farm*, the answer to this 
question is decidedly in the negative. 

This conclusion is arrived at as the result of the examination of a 
multiplicity of samples of effluents from different kinds of land. 

The results conclusively show that the treatment of sewage on land 
cannot be relied on materially to modify the potentially dangerous 
qualities of crude sewage. ; 

The actual number of objectionable microbes persisting in the effluents 
is too great to allow of much stress being laid on the great percentage 
reduction effected in the total number of microbes by the land treatment, or 
to insure any certainty that effluents from land processes are “relatively 
safe.” Where the microbes of recent intestinal outcome are concerned 
“relative safety” is a dangerous consideration to rely on. 

Nevertheless, there are certain modifying circumstances tending toward 
safety which must needs be considered. 

One of the most important of these is the condition of “delay.” By 
“delay” is meant the interval which elapses between the discharge of 
sewage on the land and its passing away as effluent after treatment by 
the land. 

From the epidemiological point of view, this is a point of considerable 
importance, because delay in the above sense is a circumstance which makes 
for safety. Unfortunately, there are no data available to show the “time 
relation ” between a particular microbe passing on to the land and its reappear- 
ance in the effluent.f The question arises whether the passage of sewage 
microbes over or through the soil is comparable'to the rate of flow of soluble 
substances, or whether the soil, until it has become saturated, holds back the 
microbes and eventually hands over, as it were, to the effluent the “ bacterial 
value” of what it has been continuously receiving from the sewage (less a 
certain percentage of micro-organisms which have undergone dissolution in 
the process). Considering this latter view of the case, the microbes in a 
particular effluent need not necessarily have been derived from the corre- 
sponding sample of sewage. The particular problem is complicated by the fact 
that microbes must be multiplying as well as dying in the soil, and that we 
have no knowledge of the relation between the two processes. So that, when 
itis stated that a particular sample of sewage contained 100,000 B. coli per 
c.c., and that the effluent collected at such a subsequent time as to make it 
a seemingly corresponding sample contained 1,000 B. coli in 1¢.c., it must be 
understood that the true relation between the coli microbes in the sewage 
and the effluent is not necessarily known. It may be conjectured that, in 
the case of surface irrigation, the time relation of sewage and effluent is 
shorter than as regards land “ filtration ” processes proper. 

[The terms “ surface irrigation” and “filtration” in connection with 
sewage farms are here used in the same sense as the older terms, 
broad irrigation and intermittent downward filtration. | 

Another point arising out of the above is the question as to how far the 
sewage micro-organisms of objectionable sort are likely, during retention in 
the soil, to be affected in their properties, vital and other. Modification of 
these sewage micro-organisms might occur either as the result of competition 
with their saprophytic neighbours derived both from the sewage and from the 
soil, or as the result of the exposure of such sewage micro-organisms to 
adverse physical conditions. When asewagefarmhasbeenin constant operation 








* The apparent rather than real exception of Nottingham sewage farm is a matter fully 
dealt with in Section VII. 

+ Ina recent report to the Commission, experiments are described dealing with the inocula- 
tion of sewage with B. pyocyaneus and the subsequent isolation of this microbe from (la) the 
effluent from a continuous filter ; (2a) septic tank liquor ; and (2b) the effluent from contact beds. 
(This report is included in Vol. III. of the Fourth Report of the Commirsion.) 
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for over 30 years, it must be concluded that the power of mere mechanical 
retention in the soil of the sewage microbes has long since reached a constant* 
level, and that the difference observed between the number of bacteria in the 
effluents and in the sewage (which may on the average represent a reduction 
of considerably over 90 per cent.), truly corresponds to the rate of dissolution 
of bacterial life. Further, that, whatever may be the rate of multiplication 
of the sewage microbes in the soil, this bacterial death rate always more 
than keeps pace with it. But, short of the destruction of life, there may 
be loss during their sojourn in the soil of particular propertes originally 
possessed by the sewage microbes; although between crude sewage and 
sewage effluents I have obtained no tangible evidence of this, my recent work 
for the Local Government Board seemingly affords some indication of the 
possible truth of this hypothesis. Certainly, comparing the coli-like microbes 
derived from (1) feeces, (2) sewage, and (3) polluted soils and water, the 
great majority of those obtained from (1) feeces are apt, when subjected to 
certain tests, to be “strong” in the possession of positive characters ; 
whereas no inconsiderable proportion of those isolated from (8) soils and 
water frequently respond “less vigorously ” to the same tests. But it is 
difficult to say whether these differences represent a loss of attributes 
originally possessed by such B. coli subsequently isolated from soil and 
water, or whether in the case of soil and water such microbes are a coli-like 
bacterial flora proper to soil and water and differing in attributes and origin 
from the coli of direct intestinal outcome. Sewage would seem to occupy an 
intermediate position in this respect, but, as regards the character of the 
coli-microbes present in it, resembles feeces more than water and soil. 

The above problems are of great importance, and are not yet solved. 
From the epidemiological point of view, it may be conjectured that the 
“nature of the treatment ” in the case of land “ makes for safety ” more than 
where artificial processes of sewage disposal are concerned. 

Another point to be remembered is that the B. coli test is used inroutine _ 
work as indicating potential danger to health. Now B. coli, to the best of — 
our knowledge, is a more hardy germ than either B. typhosus or the cholera 
vibrio. The persistence therefore of B. coli in sewage effluents is no certain 
proof that B. typhosus and “the cholera vibrio would survive under parallel 
conditions. In 1898-9 I carried out some experiments on the inoculation of 
soil in rure with Koch’s vibrio. My results seemed to show that the relative, 
if not actual, death of this microbe took place within a few days in the 
surface layers of the particular soil of experiment. But in some of the 
experiments there was evidence of the persistence for longer periods 
(2 20 days in one experiment and ? 40 days in another experiment) of 
microbes, of which the identity with Koch’s vibrio was uncertain. Dr. 
Sidney Martin found that the life history of B. typhosus in soil was a short 
one; but the recent experiments of Drs. Firth and Horrocks seem to indicate 
that, under certain conditions and with particular soils, the enteric fever 
bacillus may persist for a considerable period. 

In the foregoing paragraphs certain considerations of a sort likely to 
modify a priori impressions have been briefly set down. . But in questions 
affecting possible danger to health, it is wise to preserve a wide margin of 
safety. It is therefore held that the treatment of sewage on land cannot | 
be trusted so to modify the objectionable biological qualities of the sewage 
as safely to permit of the discharge of the sewage effluents from land 
processes into drinking water streams. t 

In the following tables are data, abstracted from the reports on the 
several sewage farms, which in my view combine to afford strong presump- 
tion of the cogency of the above proposition. Table A gives details with. 
regard to the character of the sewage, the nature of the soil, the method. 
of treatment, and the gallons treated per acre per 24 hours. Table B 
supplies a summary of the bacterial records. 





* Subject, of course, to fluetuations due to rest and many other factors. 

T Dilution of effluent with river water, distance of flow between the effluent outfalls and 
the nearest intake for water-works purposes, and subsequent filtration at the water works, are all 
factors which taken separately, and the more so in conjunction, are important. Nevertheless as- 
previously pointed out “relative safety ” is a dangerous consideration to rely on where any risk 
of the spread of epidemic and preventable disease is coneerned. 
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4 Table A. 
Gallons of sewage 
‘ yf treated per acre per 24 
aracters of | Nature of the hours (dry weather 
the sewage. soil. Method of treatment. flow divided by 
average area irrigated 
- at one time). 
ALDERSHOT Domestic -| Sandy - - | Screening, settling tanks | 25,000 
CaMP and land filtration | * (8,300) 
ALTRINCHAM -| Domestic -/Peaty and | Settling tank and land 46,000 
sandy Jiltration | (23,000) 
CAMBRIDGE -| Mainly Sandy loam - | Screening, settling tank | 121,600 
domestic and lund filtration (30,400) 
Screening, surface irriga- | 57,100 
BEDDINGTON Domestic _- | Gravelly tion and a little filtra- | (9,500) 
(Croydon) loam tion | 
LEICESTER - | 2 domestic Stiff clayey | Screening, settling tanks | 21,500 
4 trade refuse | soil and surface irrigation (5,370) 
and filtration combined 
Souru Norwoop | Domestic  -| Clay soil - | Screening, settling tanks 12,000 
and surface irrigation (4,000) 
NOTTINGHAM - | + domestic Light sandy | Screening (partial) and 23,300 
+ trade refuse | loam land filtration. (10,750) 
Ruepy - - | Mainly Heavy loam | Screening, chemical pre- 42,800 
domestic cipitation, settling (8,500) 
tanks, surface irriga- 











tion and filtration com- 


bined 





* The figures in brackets refer to the gallons of sewage treated per acre per 24 hours, on 
the assumption that each acre of the irrigable area is under sewage all the time (dry weather 
flow divided by total irrigable area). 


Sewage Farm. 


Aldershot Camp effluents | 


[Domestic sewage ; 
sandy soil ; screening, 
settling tanks and 
land filtration; gal- 
lons of sewage treated 

—.-per acre per 24 hours, 





Altrincham effiuents - - 
[Domestic sewage; 
peaty and sandy soil ; 
settling tank and 
land filtration; gal- 
lons of sewage treated 
per acre per 24 hours, 
46,000. ] 





Cambridge effluents - - 
{Mainly domestic sew- 
age; sandy loam ; 
screening, settling 
tank and land filtra- 
tion; gallons of sew- 
age treated per acre 

_ per 24 hours, 121,600. ] 





Table B. 


Total Number of Bacteria per c.c. 





Number of B. coli 








per c.c. 
Gelatine at Agar at 
20°C. 37°C. 
| 

183,266 37,308 | Varied usually from 
(average number, exclusive of the 100 to 10,000 per 
new land effluents, A and B) ec. At least 
1,000, but less 


than 10,000 in 1 
c.e. would be a 
fair statement of 
the average num- 
ber. 


Number of 
spores of B. enteri- 
tidis sporogenes 
(Klein’s ‘‘ enteri- 
tidis change” 
in milk cultures) 
per c.c. 


Varied usually from 
at least 1 (but less 
than 10), to at 
least 100 (but less 
than 1,000) per c.c. 
At least 10, but 
less than 100, in 1 
c.c, would be a fair 
estimate of the 
average number. 








Varied usually from 
100 to 1,000 per 
C2. 








930,273 153,630 
(average number, inclusive of all 
the effluents) 

363,400 7,275 
(averagenumber) (average number) 
711,476 78,327 


(average number) (average number) 


Varied from 100 to 
10,000 pere.c. At 
least 1,000 would 
be a fair estimate 
of the average 
number. 





Varied usually from 
1 to 10 per ¢.c. 





A fairestimateof the 
average number 
would be at least 
10, but less than 
100, per c.c. 
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———————————— 


Sewage Farm. 
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Table B—continued. 


Total Number of Bacteria per c.c. 








Gelatine at — Agar at 
20°C. 37°C. 
Beddington effluents - - | 1 al32005 


[Domestie sewage; 


Leicester effluents - - - 
[Mixed sewage ; 


South Norwood effluents - 
[Domestic sewage; 


gravelly loam; 
screening surface irri- 
gation and a little 
filtration ; gallons of 
sewage treated per 
acre per 24 hours, 
57,100. ] 





stiff, 
clayey soil; screen- 
ing, settling tanks 
and surface irrigation 
and filtration com- 
bined; gallons of 
sewage treated per 
acre per 24 hours, 
21,500. ] 


(average number, exclusive of the 
lst and 2nd field effluents and the 
experimental effluents) 


2,972,509 321,600 
(average number, inelnsive of all the 
effluents) 


532,777 70,500 
(average number, excluding the ex- 
perimental and 1st field effluents) 


701,363 133,954 
(average number, excluding the ex- 
perimental effluents, but including 

the lst field effluents) 


2,814,555 260,550 
(average number, inclusive of all the 
effluents) 


Number of B. coli 
per c.c. 





usually contained 
from 100 to 10,000 
perc.c. At least 
1,000 in i c.c. on 
the average. 


Varied usually from 
100 to 1,000 per 
cc. At least 
1,000 in 1 c¢.c. on 
the average. 








eee eee 


Number o 
spores of B. enteri- 
tidis sporogenes 
(Klein’s ‘‘ enteri- 
tidis change ” 
in milk cultur--) 
perec 


——— 


112,240 The final effluents | A fair estimate of 


the average num- 
ber in the final 
effluents would be 
at least 10, but 
less than 100, per 
C.C. 


§ 2+ 


Varied from 1 to 
1,000 pere.c. At 
least 10, but less 
than 100, in 1 c.e. 
would certainly 
not be an _ over- 
estimate of the: 
average number, 








clay soil; screening, 
settling tanks and | 
surface irrigation ; 
gallons of sewage 
treated per acre per 
24 hours, 12,000. ] 








778,322 35,157 
(average number, exclusive of the 
lst and 2nd field and experimental 

effluents) 


2,996,207 415,872 
(average number, inclusive of the lst 
and 2nd field, but exclusive of the 

experimental effluents) 


3,658,093 623,130 


| (average number, inclusive of all the 


effluents) 


The final effluents 
varied from 10 to 
1,000 pere.c. At 
least 100 in 1 c.e. 
would not be an 
undue estimate 
of the average 
number. 


Varied from 1 to 100: 
per c.c. At least. 
10 in 1 e.c. on the 
average. 








The Nottingham effluents are an apparent, rather than real, exception to the 
general rule that the effluents from land are not in a fit state te be Seen Se 
into drinking water streams. This question is fully dealt with in Section VIT 


Nottinghanr effluents ‘- 
[Mixed sewage; light, 
sandy loam ; screen- 
ing (partial) and Jand 


filtration ; gallons of 
sewage treated per 
acre per 24 hours, 
23,300. | 














Rugby effiuents- - - - 637,183 81,526 Varied in the final | Varied usually from 
[Mainly domestic sew- | (average number, exclusive of Ist and general efflu- 1 to 100 per c.c. 
age; heavy loam; field effluents) ents from 10 to At least 10 in 1 
screening, chemical 10,000 per c.c¢. c.c. on the aver-- 
precipitation, settling 1,682,055 216,272 At least 1,000 in age. 
tanks, surface irriga- | (average number, inclusive of all the 1 ec. on the 
gation and filtration effluents) average. 


eombined ; gallons of 
sewage treated per 
acre per 24 hours, 
42,800, ] 








drinking water streams. 





Excluding the Nottingham effluents, it is evident from the above records 
that it would be under-estimating the facts to state that the effluents from. 
land processes of sewage treatment are apt, on the average, to contain at 
least from 100 to 1,000 B. coli and at least from 1 to 10 spores of B_ enteri- 
tidis sporogenes per cubic centimetre. 
When it is pointed out that in, at all events, some samples of drinking 
water B. coli may be absent from 100 c.c. and B. enteritidis sporogenes 
from 500 c.c., there seems, on this basis of comparison, no justification for 
considering effluents of the above kind in a fit state to be discharged into- 


Drinking water streams, per se, often fail to pass 


the standards ‘of the biologist; but, even if the stream be assumed to be 
sterile and of sufficient volume to dilute the effluents from land processes of | 
sewage treatment ten to one hundred times, the mixed liquid would not 
meet the requirements of the responsible bacteriologist. . 
On one occasion, a guinea-pig succumbed to pseudo-tuberculosis (B. 
pseudo-tuberculosis of A. Pfeiffer) consequent to subcutaneous inoculation. 
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with a land effluent, and on more than one occasion B. pyocyaneus obtained 
from land effluents has proved virulent to guinea-pigs. In some epidemics. 
of diarrhoea the latter microbe has been considered (rightly or wrongly) to: 
have been the infective agent. ’ 

In connection with the consideration of non-drinking water streams, it 
will be pointed out that some of the effluents were in view of their destin- 
ation, not only satisfactory, but showed a remarkable degree of improve- 
ment on bacteriological examination. In the present connexion it is only 
fair to point out the converse side of the question, namely, that some of the 
effluents, irrespective of their destination, were so unsatisfactory as to be 
from the biological point of view hardly (if at all) more safe in their possible 
relation to disease than “‘ untreated” sewage. It is advisable, in my opinion, 
to emphasize the impure character of the worst land effluents from the 
epidemiological point of view and in relation to drinking water streams, and 
to lay stress on the favourable character of the best effluents from the 
practical point of view in connexion with non-drinking water streams, and 
in illustration of the ability of land, if it is not overworked, adequately to 
purify sewage. 

- Before leaving the side of the general question of the land treatment of 
sewage which chiefly concerns the biologist and epidemiologist, three. 
important questions remain to be considered :— 


(1) What are the biological qualities of the soil on sewage farms? 
(2) What ts the ultimate fate of sewage microbes sown broadcast on soil ? 


(3) Are the effluents from farms rich in microbes peculiar to (in the sense 
of being specially abundant in) soil, or do they contain in preponderating 
number microbes of excremental origin ? 


The attempt to answer the first two of these questions would have 
involved a prolonged and difficult research, and it was not practicable, in 
conjunction with the routine work for the Commission, to undertake such 
research. - : 

I have, however, in my past research work for the Local Government 
Board, devoted a considerable amount of time and labour te these questions. 
It is impossible to describe adequately in a few sentences the results of several 
years’ work, but the following is a brief abstract of some of the chief points. 
of interest :— 


(1) In the first place it may be said that the soil of sewage farms, and in 
general sewage polluted soils, contain streptococci, B. coli, and B. enteritidis 
sporogenes in great abundance. These undesirable microbes are absent, or 
relatively absent, from virgin soils. In cultivated soils, much naturally 
depends on the nature of the treatment or the kind of “dressing ” which has 
been applied to the soil and the time which has elapsed since the soil was 
last “treated”. The spores of B. enteritidis sporogenes tend to remain as 
evidence of past pollution for a long period; but B. coli and, in my 
experience, more particularly streptococci (some strains, at all events), when 
present in any abundance, point to contamination of recent and therefore 
specially objectionable kind. 

According as the manuring is recent or remote, and in accordance too 
with the nature of the fertilising “‘ treatment” and the amount of “ dressing” 
applied to the soil, the bacteriological result will be found to vary. But 
cultivated soils, in comparison with virgin soils at all events, are apt to be 
rich in microbes of all sorts, and rich also, not infrequently, in bacteria of 
excremental origin. 

But it must not be concluded because microbes indubitably of intestinal 
outcome are present in great abundance in sewage polluted soils, that the 
bacteria characteristic of soil are necessarily, in the struggle for existence, 
crowded out by the sewage bacteria. In my experience, the soil microbes 
are not only present but, if the supply of sewage microbes be discontinued, 
contend with and gradually oust such of the non-sporing bacteria of excre- 
mental origin as may be judged to be of adventitious, 2.e., non-saprophytie, 
sort, 

This leads me to the second question under consideration, namely, 
what is the ultimate fate of sewage microbes when sown broadcast on soil. 
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(2) So complex a problem as the above cannot be readily solved. But 
it would seem to be the case that, given a cessation of the sewage inoculation 
process of the land, the streptococci (other than those of peculiar sort) disap- 
pear (relatively, if not actually) from the soil somewhat rapidly. So, too, is 
decline in the number of B. coli very apparent, although the persistence of 
certain strains of B. coli for weeks or even months is also indicated as the 
result of my experiments. Many of these coli-like microbes are apt to give a 
feebly positive, or even negative response to tests, which when brought to 
bear on the coli of recent intestinal outcome provoke a strongly positive result. 
The question which remains undetermined is whether these coli-like microbes 
constitute a race or class of their own, or are micro-organisms which have 
lost some of their original properties during their sojourn in the soil. 

The spores of B. enteritidis sporogenes usually persist for long periods 
in sewage-treated soil. Such diminution of them as has been observed 
in its superficial layers may be referred to the spores having been washed 
into the deeper layers of soil or to the gradual dissolution even of spores ; or, 
possibly, to the spores passing into the vegetative phase of existence, thus 
becoming more susceptible to the action of deleterious bactericidal influences 
of one and another sort. Dr. Lorrain Smith favours the view that the 
infusoria may utilise bacteria as food. 


(3) As regards the last question, namely, the proportion of sewage- 
bacteria to soil-bacteria present in the effluents, in various reports to the 
Local Government Board I have shown that soil and the ‘‘ washings” of soil 
are apt to be characterised bacteriologically by the presence of enormous 
numbers (both actually and relatively) of the spores of bacteria and by the 
presence, usually in great abundance among other soil-bacteria, of B. 
mycoides, the granular bacillus of soil, and the Bismarck brown cladothria of 
soil. A careful and prolonged comparison with these previously accumu- 
lated data obtained from the examination of numerous samples of the 
effluents from the sewage farms has convinced me that the effluents from 
land processes of sewage treatment exhibit not only the characteristic 
bacterial flora of sewage, but are relatively free from soil microbes. 

Occasionally, B. mycoides was met with in the cultivations of land 
effluent, but so rarely as to be hardly worthy of mention. At the same 
time, it is to be noted that the term “relatively free” not “actually free” 
has been employed, because it might well be the case that in the high 
dilutions used (and, indeed, necessary for working purposes), the soil 
microbes might be absent, and yet be present sometimes in the lower 
dilutions, 

The question next in importance to be considered is as follows :— 


Il. Can the treatment of sewage on land so alter the qualities of sewage as 
to adinut of the discharge of the effluenis into non-drinking water streams ? 


My reasons for considering—in the case of effluents discharging into 
non-drinking water streams—the bacteriological secondary in value (in 
general, although not in particular* cases) to the chemical examination have 
been fully stated in the introduction to this report. Nevertheless, from this 
secondary point of view, bacteriological analyses and standards are of 
considerable importance. 

It is difficult, for example, to credit that an effluent teeming with 
putrefactive microbes is a liquid wherein the objectionable organic pabulum 
of excremental origin has been completely resolved into harmless inorganic 
substances. As a matter of fact, however, it has been found generally and 
broadly speaking that decline in the amount of organic matter is, in sewage 
effluents, associated with a corresponding reduction in the number of bacteria. 
There can, therefore, be no question that in practice the number of bacteria 
(of all sorts, but particularly those commonly associated with the decom- 
position of animal organic matter) present in a liquid is a valuable, although 
necessarily an indirect, measure of its potential putrescibility. 





* See my Report on the presence of Anthrax at Yeovil in (1) Septic Tank Liquor; (2) Septic 
Tank Sludge ; (3) Primary Coarse Coke Bed; (4) Secondary Fine Coke Bed; (5) General 
Effluent from Final Catchpit of a Hide Factory ; (6) Mud of River Yeo, and (7) Mud of Yeo 
Brook. (Second Report of Royal Commission on Sewage Disposal, 1902, Cd. 1178.) Further, 


where there is danger of contamination of shell-fish layings the bacteriological is obviously of 
greater importance than the chemical examination. 
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The tests employed in the bacteriological examination of sewage and 
sewage effluents, the interpretation to be placed on the results obtained by 
the use of these tests and the standards provisionally suggested are matters 
which have been so fully considered in the past that it is not necessary to 
repeat here previous statements and inferences. 

In the first place, it is to be noted that of the eight sewage farms kept 
under special observation none, with the sole and striking exception of 
Nottingham, yielded average effluents of an entirely satisfactory character. 

In illustration of this, it may be pointed out that the average number of 
bacteria (agar at 37°C.) per c.c. in the final effluents derived from Aldershot, 
Altrincham, Cambridge, Beddington, Leicester, South Norwood and Rugby 
sewage farms was 37,308, 7,275, 78,327, 112,240, 70,500, 35,157, and 
81,526 respectively. 

Nevertheless, the results were, in nearly all cases and in relation to all 
the tests employed, so far satisfactory as to give rise to the belief that land, 
although of not altogether suitable sort, if it is not greatly overworked, can 
purify sewage to a reasonable extent. 

Secondly, although percentages are apt to be misleading, it may be 
stated that the percentage improvement in the effluents, as compared with 
the crude sewage, was in nearly all cases very striking. 

Thus, as regards Aldershot, Altrincham, Cambridge, Beddington, 
Leicester, South Norwood, and Rugby sewage farms the percentage improve- 
ment, as judged by the reduction in the number of bacteria (agar at 37°C.) 
was 99, 99, 95, 97, 95, 99 and 97, respectively. 

Thirdly, it may be pointed out that a significant feature of the analyses 
was the unequal character of the effiuents. In considering the subject from 
the point of view of possible danger to health, and in relation to the 
discharge of effluents into drinking water streams, stress was laid on the: 
erossly impure character of a proportion of the effluents. So now attention’ 
must be directed to the fact that many of the effluents were not only satis- 
factory, but, considering their origin, remarkably pure bacteriologically. Thus, 
the number of microbes (agar at 37°C.) per c.c. in the best (on the basis of this. 
test) effluent derived from Aldershot, Altrincham, Cambridge, Beddington, 
Leicester, South Norwood, and Rugby sewage farms, was 196, 930, 1,080, 
900, 300, 980, and 900, respectively. 

Lastly, a brief summary of the chief results obtained from the bacterio- 
logical examination of sewage and effluents derived from the above seven 
sewage farms may here with advantage be recorded, together with notes as 
regards the character of the sewage, the nature of the soil, the method of 
treatment, and the gallons of sewage treated per acre per 24 hours. 


, 


SUMMARY OF BACTERIOLOGICAL RESULTS, 
I. Aldershot Camp Sewage Farm Effiuents. 


[Domestic sewage; sandy soil; screening, settling tanks, and land’ 
filtration ; gallons of sewage treated per acre per 24 hours, 25,000. | 


Total number of bacteria (gelatine- at 20° C.).—The average number 
of microbes in the old land effluents was 185,266 perc.c. This number 
is in excess of the standard of less than 100,000 in 1e.c. The reduction 
in the number of bacteria as compared with the sewage was 99 per cent. 

Total number of bacteria (agar at 37° C.).—The average number of 
microbes in the old land effluents was 37,308 per c.c. This number is 
in excess of the standard of less than 10,000 in 1 ¢.c. The reduction in the 
number of bacteria as compared with the sewage was 99 per cent. 

B. coli—A fair estimate of the average number in the old land 
effluents is at least 1,000, but less than 10,000 per c.c. The provisional 
standard is less than 1,000 in 1 cc. The effluents were, on the average 
about 100 times purer than the sewage. 

B. enteritidis sporogenes (Klein’s “ enteritidis change” in anaerobie milk 
cultures).—A fair estimate of the average number in the old land effluents is 
at least 10, but less than 100 per cc. (+ ‘1e¢.,-— Olcc.). The provisional 
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standard is less than 10inlec (— ‘1 ce.) The effluents were, on the 
average, about 100 times purer than the sewage on the basis of this test. 

“Gas” test (“ gas” in gelatine “ shake” cultures, 24 hours at 20° C.).—The 
general results may be expressed as follows :—From + 1, — ‘1.¢c., to + ‘1, 
~ ‘01 c.c., but on the average + 1, — ‘1 cc. Provisional standard, negative 
result with ‘1 c.c. The effluents were, on the average, about 1,000 times 
purer than the sewage on the basis of this test.* 

Neutral red broth test.—A fair estimate of the average result is 
+ -001,—-0001 cc. Provisional standard, negative result with ‘001 c.c. 
The effluents were, on the average, about 100 times purer than the sewage 
on the basis of this test. § 


Il. Altrincham Sewage Farm LHfiuents. | 


[Domestic sewage; peaty and sandy soil; settling tank, and land 
filtration ; gallons of sewage treated per acre per 24 hours, 46,000. | 


Total number of bacteria (gelatine at 20° C.).—The average number 
of microbes in the effluents was 363,400 per cc. This number is in 
excess of the standard of less than 100,000 in 1c.c. The reduction in the 
number of bacteria as compared with the sewage was 97 per cent. 

Total number of bacteria (agar at 37° C.).—The average number of microbes in 
the effluents was 7,275 per c.c. This number easily passes the standard of 
less than 10,000 in 1 cc. The reduction in the number of bacteria as 
compared with the sewage was 99 per cent. 

B. coli.i—A fair estimate of the average number is at least 100, but 
less than 1,000 per c.c. The provisional standard is less than 1,000 per e.c. 
The effluents were, on the average, about 1,000 times purer than a normal 
sewage. Altrincham sewage, however, was in some respects a weak sewage. 

B. enteritidis sporogenes (Klein’s “ enteritidis change” in anaerobic milk 
cultures).—A fair estimate of the average number is at least 1, but less than 
10in lee. (+1, ec). The provisional standard is less than 10 in 1 c.c. 
(+ 1, - ‘1ec). The effluents were, on the average, about 1,000 times purer 
than a normal sewage. 

“Gas” test (“gas” in gelatine “shake” cultures, 24 hours at 20° 
C.).—A fair estimate of the average result is + 1, — ‘1 c.c. Provisional 
standard, negative result -1¢.c. The effluents, on the average, were about 
100 times purer than the sewage (see footnote under Aldershot Camp). 

Neutral red broth test.—A fair estimate of the average result is + ‘01, — 
‘001 c.c. Provisional standard, negative result with 001c¢.c. The effluents 
were, on the average, at least 100 times purer than the sewage (see footnote 
under Aldershot Camp). 


Il. Cambridge Sewage Farm Efiuents. 


[Mainly domestic sewage ; sandy loam ; screening, settling tank, and land 
filtration ; gallons of sewage treated per acre per 24 hours, 
121,600. | 


Total number of bacteria (gelatine at 20° C.).—The average number 
of bacteria in the finally treated effluents was 711,476 perc.c. This number 
is considerably in excess of the standard of less than 100,000 in 1 c.c. The 
reduction in the number of bacteria as compared with the sewage was 94 per — 
cent. 


* As regards this test the observations are made after 24 hours at 20° C., because, by so limiting 
the incubation period troublesome dilutions are avoided, an effluent may be passed (on the basis of 
this test) if it gives a negative result with 0'l¢.c. But the results, of course, do not give the 
absolute but only the relative number of gas-forming bacteria present. If the period of incubation 
is lengthened the standard to be adopted must be modified accordingly. At present, the plan is 
followed of taking records after 24, 48, and 72 hours’ incubation at 20° C, 
| § Generally ‘speaking, the above results might almost be stated as at least 1,000 but not 
10,000 coli-like bacteria per-c.c. (+ ‘001 cc, — °0001 c.c.), That is, when dealing with 
domestic sewage and sewage effluents. But, strictly speaking, the method employed here of 
recording the results is the only absolutely exact method. 
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Total number of bacteria (agar at 37° C.).—The average number of 
bacteria in the finally treated effluents was 78,327 per c.c. This number is 
considerably in excess of the standard of less than 10,000 in 1 cc. The 
reduction in the number of bacteria as compared with the sewage was 94 per 
cent. 

B. col.__A fair estimate of the average number is at least 1,000, but less 
than 10,000 in 1 cc. _The provisional standard is less than 1,000 in 1 cc 
The effluents were, on the average, about 100 times purer than the 
sewage. 

B. enteritidis sporogenes (Klein's ‘‘ enteritidis change” in anaerobic milk 
cultures).—A fair estimate of the average number in the effluents is at 
least 10, but less than 100 per cc. (+ ‘1 ¢.c.,—‘01 ¢.¢.). The provisional 
standard is less than 10in1ec.c. The effluents were, on the average, about 
100 times purer than ordinary sewage, and at least 10 times purer 
than Cambridge sewage. 

“ras” test (“gas” in gelatine “shake” cultures, 24 hours at 20° C.).— 
A fair estimate of the average result is + ‘1,—‘01 c.c. Provisional standard, 
negative result ‘1 c.c. The effluents were, on the average, about 100 
times purer than ordinary sewage, and at least 10 times purer than 
Cambridge sewage (see footnote under Aldershot Camp). 


IV. Beddington ( Croydon) Sewage Farm Efluents. 


[Domestic sewage ; evavelly loam ; screening, surface irrigation, and a 
little filtration ; gallons of sewage treated per acre per 24 hours, 
57,100. | 


Total number of bacteria (gelatine at 20° C.).—The average number of 
bacteria in the finally treated effluents was 1,413,200 per c.c. This number 
is greatly in excess of the standard of less than 100,000 in 1 cc. The 
reduction in the number of bacteria as compared with the sewage was 95 per 
cent. 

Total number of bacteria (agar at 37° C.).—The average number of 
microbes in the effluents was 112,000 per c.c. This number is considerably 
in excess of the standard of less than 10,000 in 1 c.c. The reduction in the 
number of bacteria as compared with the sewage was 97 per cent. 

B. coh.—-A fair estimate of the average number is at least 1,000, but 
less than 10,000 perc.c. The provisional standard is less than 1,000 in 1 c.c. 
The effluents were, on the average, about 100 times purer than the sewage. 

B. enteritidis sporogenes (Klein's “enteritidis change” in anaerobic milk 
cultures).—A fair estimate of the average number in the effluents is at least 
10, but less than 100 per cc. (+ ‘1 ec, — 01 cc). The provisional 
standard is less than 10 in 1 cc. (— ‘1 cc.). The effluents were, on the 
average, about 100 times purer than the sewage. 

“Gas” test (“gas” in gelatine “shake” cultures, 24 hours at 20° C.).— 
A fair estimate of the average result is + 1, — -‘Olc.c. Provisional standard, 
negative result ‘1c.c. The effluents were, on the average, about 100 times 
purer than the sewage (sce footnote under Aldershot Camp). 

Neutral red broth test.—A. fair estimate of the average result is + ‘001, 
— 0001 c.c. Provisional standard, negative result with 001 cc. The 
effluents were, on the average, about 100 times purer than the sewage (see 
footnote under Aldershot Camp). 


V. Leicester Sewage Farm Effiuents. 


[Mixed sewage ; stiff clayey soil; screening, settling tanks, surface 
irrigation and filtration combined ; gallons of sewage treated per 
acre per 24 hours, 21,500. | 


Total number of bacteria (gelatine at 20° C.).—The average number 
‘of bacteria in the finally treated effluents was 532,777 per c.c. This number 
ds in excess of the standard of less than 100,000 in 1 cc. The reduction in 
the number of bacteria as compared with the sewage was 95 per cent. 
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Total number of bacteria (agar at 37° C.).—The average number of 
bacteria in the finally treated efiluents was 70,500 per C.c. This number is 
in excess of the standard of less than 10,000 in I c.c. The reduction in the 
number of bacteria as compared with the sewage was 95 per cent. 

B. coli.—A fair estimate of the average number is at least 1,000, but. 
less than 10,000 in 1 cc. The provisional standard is less than 1,000 in 1 
cc. The effluents were, on the average, about 100 times purer than the 
sewage. 

B. enteritidis sporogenes (Klein’s “ enteritidis change” in anaerobic milk 
cultures),—Exceptional cases apart, a fair estimate of the average number is 
at least 10, but less than 100 per cc. (+ Lec. — Ol c.c.). The provisional 
standard is less than 10in 1 cc. (- ‘1cc.). The effiuents were, on the 
average, about 100 times purer than the sewage. 

“Gas” test (“gas” in gelatine “shake” cultures, 24 hours at 20° C.).— 
Exceptional cases apart, a fair estimate of the average result is + “1, — ‘OL 
c.c, Provisional standard, negative result ‘1c. The effluents were, on 
the average, about 100 times purer than the sewage (see footnote under 
Aldershot Camp). 

Neutral red broth test.—Exceptional cases apart, a fair estimate of the 
average result is 001, — ‘0001 c.c. Provisional standard, negative 
result with ‘001 .c.c The effluents were, on the average, about 100 times 
purer than the sewage (see footnote under Aldershot Camp). 


VL. South Norwood Sewage Farm Efiuents. 


[Domestic sewage ; clay soil ; screening, settling tanks, and surface 
irrigation ; gallons of sewage treated per acre per 24 hours, 12,000. | 


Total number of bacteria (gelatine at 20°C.).—The average number of 
bacteria in the finally treated effluents was 778,322 per C.C. This number is 
considerably in excess of the standard of less than 100,000 in 1 cc. The 
reduction in the number of bacteria as compared with the sewage was OSeper 
cent. 

Total number of bacteria (agar at 37°C.).—The average number of 
bacteria in the finally treated effluents was 35,157 per c.c. This number is 
in excess of the standard of less than 10,000 inlcc. The reduction in the. 
number of bacteria as compared with the sewage was 99 per cent. 

B. coli.—A fair estimate of the average number in the finally treated 
effluents is at least 100, but less than 1,000 in 1 cc. The provisional 
standard is less than 1,000 in lec. The effluents were, on the average, 
about 1,000 times purer than the sewage. 

B. enteritidis sporogenes (Klein’s “enteritidis change ” in anaerobic milk 
cultures).—A fair estimate of the average number in the finally treated 
effluents is at least 10, but less than 100 per cc. (+ lec, — Ol C.C: 0 2 one 
provisional standard is less than 10 in 1 c.c. (- ‘lec.). The effluents were, 
on the average, about 100 times purer than ordinary sewage, and from 10 
to 100 times purer than South Norwood sewage. 

“ Gas” test (““gas” in gelatine “shake” cultures, 24 hours at 20°C.).—A 
fair estimate of the average result is + -1, — ‘01 cc. Provisional standard, 
negative result with ‘1cc. The effluents were, on the average, about 100 | 
times purer than the sewage (see footnote under Aldershot Camp). 


VII. Nottingham Sewage Farm. 


[Mixed sewage; light, sandy loam; land filtration ; gallons of sewage 
treated per acre per 24 hours, 23,300. | 


The effluents from Nottingham were remarkably good, and, with a few 
exceptions (chiefly from overworked land), easily “passed” the standards. 
set up for the various tests employed. ‘The effluents being quite exceptional 
in character, can hardly be fairly dealt with in this summary, and 
reference musibe made to Section VII. for details. Nevertheless, it may be 
noted that the number of bacteria was frequently less than 1,000 ; of B. coli 
less than 10; and of B. enteritidis sporogenes less than one per c.c. The “gas . 
test usually yielded a negative result with 1 cc. The neutral red broth test 
usually gave a positive result with ‘1¢c.; anda negative result with ‘01 c.c. 
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VIII. Rugby Sewage Farm Effiuents. 


{Mainly domestic sewage; heavy loam; screening, chemical precipita- 
tion, settling tanks, and surface irrigation and filtration combined ; 
gallons of sewage treated per acre per 24 hours, 42,800. ] 


Total number of bacteria (gelatine at 20° C.).—The average number of 
bacteria in the finally treated effluent was 637,133 per c.c. ‘This number is 
in excess of the standard of less than 100,000 in 1 ce. The reduction in 
the number of bacteria as compared with the sewage was 97 per cent. 

Total number of bacteria (agar at 37° C.).—The average number of 
bacteria in the finally treated effluents was 81,526 per c.c. This number is 
considerably in excess of the standard of less than 10,000 in 1 cc. The 
reduction in the number of bacteria as compared with the sewage was 97 
per cent. 

B. colt.—A fair estimate of the average number is at least 1,000, but 
less than 10,000 iniecc. The provisional standard is less than 1,000 in 
1c.c. The effluents were, on the average, about 100 times purer than the 
sewage. 

B. enteritidis sporogenes (Klein’s “ enteritidis change” in anaerobic milk 
cultures).—A. fair estimate of the average number is at least 10, but less than 
100 per c.c. (+ ‘1¢.c., — ‘Olc.c.). The provisional standard is less than 10 
inlc.c. — ‘1cc.). The effluents were, on the average, about 100 times 
purer than the sewage. 

“Gas” test (“gas” in gelatine “shake” cultures, 24 hours at 20° C.).— 
A fair estimate of the average result is + ‘1, — ‘Olcc. Provisional 
‘standard, negative result -1¢.c. The effluents were, on the average, about 
100 times purer than the sewage (see footnote under Aldershot Camp). 

Neutral red broth test.—A fair estimate of the average result is + ‘01, 
— 001 cc. Provisional standard, negative result with 001 cc. Only a 
few effluents were examined, but those tested were about 1,000 times purer 
than sewage (see footnote under Aldershot Camp). 


The following table is an abstract of the foregoing results :— 
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From the foregoing summary it is evident that, though the effluents did 
not on the average pass the standards set up for the various tests, they 
all showed a high percentage degree of purification. In most cases the 
farms were treating too much sewage per acre either actually (e.g., Cam- 
bridge, land filtration); or relatively to the method of treatment (e.g.,. 
Beddington, surface irrigation with some filtration); or both the method of 
treatment and the nature of the soil (e.g, Rugby, surface irrigation and 
filtration combined). Given a fair proportion between (1) the volume and 
character of the sewage to be “treated” and (2) the total irrigable area and 
the average area irrigated at one time of the farm, and the suitability of the 
soil for purification purposes, there can be little doubt that effluents from 
land processes of sewage treatment could be produced which would more: 
than pass the suggested standards (primary standards). If the standards 
were made ten times more lenient, a concession not perhaps unduly great. 
from the bacteriological point of view in connection with non-drinking water 
streams, all the effluents would then pass the modified or secondary standards. 
with the exception of Beddington (total number of microbes present). 
Nevertheless, when it is remembered how easily the best effluents from each 
sewage farm “passed”; how near, comparatively speaking, the average 
effluents were to “passing” ; and how large was the volume of sewage being 
treated (either actually or relatively to the suitability of the soil for sewage 
purification purposes), it cannot well be contended that the primary 
standards provisionally suggested for working purposes are of a drastic and 
wholly impracticable nature.* They would, however, admittedly press with 
possibly undue severity on most artificial (bacteria bed) processes of sewage 
purification. These artificial (bacteria bed) processes, in the opinion of some 
persons, aim too much at treating as large a volume of sewage per unit of 
area as will yield effluents barely passing existing standards of purity, and 
too little at so treating sewage as to yield effluents of an indubitably satis- 
factory character. The question of practicability must needs determine the 
method and procedure to be adopted as regards artificial processes, but it is 
well to strive to reach with them a high standard. 

The question may be asked: Are effluents resulting from (a) purposely 
contrived filtration through land immeasurably better from the bacteriological 
point of view than effluents obtained in the main by (b) surface irrigation ? 
This is a difficult question to answer, for many reasons. Apart from the 
' difference in the kind of treatment ((a) filtration as compared with (b) 

surface irrigation), other factors, the effect of which cannot be weighed or 
measured, varied to a considerable extent. For example, the volume and 
character of the sewage being treated per acre, the presence or absence of 
crops, the drainage arrangements, the antecedent treatment,j the manage- 
ment of the farm, the question of storm water, and other variable factors. 
There was certainly no comparison between the Nottingham land 
filtration effluents and the effluents from any of the other sewage farms that. 
were examined}. Excluding Nottingham, the land filtration effluents from 
Aldershot, Cambridge, and Altrincham (land filtration proper) were not con- 
spicuously better than those obtained from Beddington (surface irrigation and 
a little filtration), Leicester (surface irrigation and filtration combined), South 
Norwood (surface irrigation) and Rugby (surface irrigation and filtration 
combined). Cambridge (sandy loam), however, was treating at one time: 
a very large amount of sewage (121,600 gallons per acre per 24 hours), 
and the nature of the soil on Aldershot (sand) and Altrincham (peaty 
‘and sandy) sewage farms was not of the kind best suited for treating 
large volumes of sewage by land filtration methods. On the other 
hand, Beddington (gravelly loam) and Rugby (heavy loam) farms were 
treating large volumes of sewage per acre (57,100 and 42,800 gallons. 
per acre of the working irrigable area per 24 hours, respectively).§ 


-* Tf the existing condition of our rivers be deemed unsatisfactory, it can serve no good 
purpose to seek to justify the choice of a low standard of purity in connection with sewage 
effluents. On the contrary, a certain stringency tempered with an adequate coneeption of 
what is practicable would seem to be desirable. 

+ For example, screening, sedimentation and the like. 
» ..:.t For details as to these land processes see the preceding tables. 
§ It needs to be remembered that the various sewage farms were utilising on the average 
and at one time widely different proportions of their total irrigable area (see preceding tables). 
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Doubtless a land filtration effluent from a deep light loamy soil would 
be incomparably better than a surface irrigation effluent from an 
impervious heavy clay soil, both treating on equal areas sewage of the same 
volume and character. But it is probable that by over-working even a light 
loamy soil a land filtration effluent may before long be brought to the same 
condition as a surface irrigation effluent from a heavy clay soil less heavily 
sewaged. The experience at Nottingham favours this view. It is at all 
events satisfactory to find that surface irrigation effluents may reach reason- 
able standards of purity. 

The variable factors above alluded to make it extremely difficult to 
compare the value of land of different kinds.* It would not, for example, 
be fair to compare Nottingham (deep light loam) with Rugby (heavy 
shallower loam), especially since the latter was treating at one time nearly 
twice as much sewage (42,800 gallons against 23,300) per acre. Conversely, 
the volume of sewage being treated at one time per acre per 24 hours at 
Cambridge (121,600 gallons) was ten times greater than that treated at South 
Norwood (12,000 gallons), the former being a sandy loam overlying gravel 
and sand, and the latter disintegrated clay resting on London Clay. The 
results were not widely dissimilar in the two cases, although the South 
Norwood effluents were on the whole the better, and so it may be conjectured 
that sandy loam can “treat” much larger volumes of sewage than a clay 
soil of the class in question. If Leicester (stiff clay) be compared with 
Nottingham (light loam), both farms treating at one time per acre an 
approximately equal amount of sewage (21,500 and 23,300 gallons per 
acre per 24 hours, respectively), it is found that the bacteriological results 
differed to a conspicuous extent in the two cases, the latter yielding excep- 
tionally good effluents, and the former effluents only moderately good. 

Further, Beddington (gravelly loam) yielded on the whole worse results 
than Cambridge (sandy loam), although treating less than one-half the 
amount of sewage per acre (57,100 and 121,600 gallons per acre of the 
‘‘working” irrigable area per 24 hours, respectively). Perhaps the most 
useful lesson to be learnt from the results is that land if only in sufficient 
amount, even of unsuitable quality for sewage purification purposes, can yield 
moderately good effluents. 

In practice, land, if suitable, is apt to be called upon to treat an 
even larger proportion of sewage than its degree of suitability would warrant ; 
and, if unsuitable, it is “dosed” with sewage to a smaller extent actually, - 
but relatively to its unsuitable character to an equal extent, than 
suitable land. For this reason probably the effluents from different kinds 


of land do not show the wide disparity of results which otherwise might be 
anticipated. 


' ity practical side of the question is dealt with in the General Report 
Part L.). 


The third question which merits attention is as follows :— 


II. Js the treatment of sewage on land to be preferred to its treatment by 
artificial processes, €.g., contact beds, continuous filters, etc. ? 


The artificial processes are still under investigation, and it is perhaps 
not desirable at present to express any definite opinion on this question. 

The artificial processes are still in the experimental stage, and for the 
most part they have been worked rather with a view to treating as large an 
amount of sewage as possible compatible with producing a non-putrescible 
effluent than with a view to producing an effluent of the greatest purity. 

Worked in the way which has been usually adopted, the effluents from 
these processes as judged bacteriologically are not equal to the effluent 
obtained from land of average suitability. “But there seems to be no reason 
to assume that these effluents might not be brought up to any reasonable 
standard required, either by working the process at a much slower rate, by 


Sree ace passing them through some special filter, or chemically treating 
them. 








* Of course, in point of fact, (a) “ filtration” and suitable land and (b) “ surface irrigation ” 
and unsuitable land are correlated conditions. 0) ee ae 


183 
Lastly, the following question requires consideration :— 


IV. What degree of biological modification does the sewage undergo as the 
result of rts treatment on land? = * 


The question has already been considered in connection with the 
discharge of sewage effluents into drinking water streams. So far as the 
actual results are concerned, the effluents show no very appreciable biological 
modification beyond a reduction in the number of bacteria which they, 
as sewage, contained. Sometimes, it is true, the spores of B. enteritidis 
sporogenes were reduced in number to a seemingly less extent than the gas- 
forming bacteria. But it is a remarkable circumstance not admitting of 
ready explanation that, both with land and with artificial (bacteria bed) 
processes of sewage treatment, the spores of bacteria are reduced usually, 
although not always, to approximately the same extent as are the bacteria 
present in the bacillary form. Dr. Lorrain Smith favours the view that 
the infusoria may utilise the bacteria as food. Possibly this parallelism is 
more apparent than real, as the range of the two tests for spores 
and for bacilli differs so widely as to make comparisons between 
the tests difficult. Further, there was some evidence, especially in 
the better class of effluents obtained by land treatment, of a greater 
proportionate reduction (i.e. as compared with crude sewage) in the number 
of microbes growing at blood-heat than of those growing at 20°C. More- 
over, on several occasions failure was experienced in isolating streptococci 
from the effluents. Unfortunately, however, the streptococcus test is not an 
easy one, and is more significant in its positive than in its negative aspects. 
That is, failure to isolate streptococci need not, unless the experiments are 
many and prolonged, mean more than their relative absence. 

Lastly, of more subtle modifications of the bacteria, such as loss ot 
essential property, nothing can be said, except as conjecture, and this aspect 
of the question has already been dealt with under Question I. 

It must also be remembered that the media and particular processes 
employed in the investigation might fail to demonstrate biological modifica- 
tions of the bacteria in cases where such modifications really existed. For 
example, the mere presence of oxidised nitrogen in an effluent is practical 
proof of the multiplication of the nitroso and nitro-bacteria. No doubt these 
are largely retained in the soil; but it is probable that their number in the 
effluent is relatively greater than in the crude sewage. Some tentative obser- 
vations made in 1898, and alluded to in my reports to the London County 
Council, seemed to support this view, and later work for the Commission 
tended to show that the nitroso-bacteria, at all events, may, under certain 
circumstances, be relatively increased in the effluent from artificial processes 
of sewage treatment, and present also in great abundance in the “ washings ” 
of coke filters which yield good results, as regards nitrification. 

In conclusion attention may be directed to certain considerations of a 
subsidiary sort :— 


A. The impure state of the rivers or brooks into which effluents are being 
discharged. 


This is a question which must needs have some bearing on the choice 
of standards. 

The effluents from Aldershot Camp, Altrincham, Cambridge, Bedding- 
ton (Croydon), Leicester, South Norwood, Nottingham, Rugby and Worsley 
sewage farms discharge severally into the Blackwater River, the Sinderland 
Brook, the River Cam, the River Wandle, the Anstey Brook (flowing into 
River Soar), the Chaffinch Beck, the River Trent, the River Avon, and the 
Parrin Brook. 

From a bacteriological point of view, all these rivers or streams are 
impure—many of them very impure—above the effluent outfalls. The chief 
results are shown in the following table :— 
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Total number Number of spores 
of bacteria Nida anes of B. enteritidis 
ea ae B an (or closel Ff as Sear 
Description of the Samples. ‘allied forms) y aire : “enteri- Remarks. 
; _tidis change 
Gelatine) Agar Ma a eg in milk culture) 
at 20° C.| at 37° C. per ¢.c. 
= (57. Blackwater river water | 8,200 500 At least 10 At least 10 “Gas” test + 1, 
=| above point of discharge (Indol test -+ ‘1 trikes. 
se of effluent C.C:)) 
2 27th March, 1900 
mM 
8 326. Asabove - - - - - — — — At least 10, but | Neutral red broth 
a 24th July, 1901. less than 100 test + 01, — ‘001 
c.c. Litmus milk 
test, acid clot 
+\] os eGae 
test + ‘1, - ‘Ol 
C.c. 
e q [ 71. Sinderland brook water | 53,000; 6,700 At least 100 At least 10, less | “Gas” test + ‘1, 
ra S above effluent outfall (Indol test + ‘01 than 100 — 01 ce. 
an 7th May, 1900 C.¢. ) 
e oA f 222. Cam river water above | 38,000 1,400 10, not 100 At least 1, less “Gas” test — lee. 
aS effluent outfalls (Indol test + ‘1, than 10. 
Csl 6th February, 1901 — ‘01 ¢.c.) 
# (45. Wandle river water | 72,000| 2,680] — 10, not 100 | | +10c.0., ~lec. = 
38 above effluent outfalls (Indol + °1 ¢.c.) 
eS 26th November 1900 
HY 
4 133. Anstey brook water | 540,000 | 71,000 1, not 10 None in 1 ¢.¢. — 
= above effluent outfalls (Indol + 1 ¢.¢.) 
< 3rd December, 1900 
a 32. Chaffinch brook water 7,900 1,100 100, not 1,000 +10¢.¢c., —1le.e¢. — 
aE above effluent ontfalls (Indol + ‘01 c.c.) 
mS 30th January, 1900 





0. Trent river water above — 3,300 100, not 1,000 At least 1, but — 
effluent outfalls (Indol + ‘001 ¢.c.) |» less than 10 
6th August, 1900 


Notting- 
ham 











® 


105. Avonriver water above | 156,000| 7,100 At least 100 Negative 10 c.c. | “Gas” test + 1, 
effluent outfalls = Licse: 
9th July. 1900 


ue aa oo, 
— 
bo 


Rugby 














3 (284. Parrin brook water | 304,000) 41,500 100 At least 1, but é 
K above effluent outfalls (Idol test + ‘01 less than 10 
sal 20th May, 1901 C.-C) 











Except in afew cases as regards individual tests, none of these samples | 
would be rejected according to my standards for effluents destined for : 
discharge into non-drinking water streams; but, of course, they all would | 
be regarded as must impure biologically from the point of view of drinking 
water streams. 

As regards the biological quality of the samples of mixed effluent and 
river water, the report itself must be consulted. | 


B. The biological quality of the subsoil water in the neighbourhood of sewage 
farms. ' 


As a good deal of subsoil water usually finds its way into the sewers, 
and may also gain access to the under-drains on the sewage farms, it was 
considered advisable to examine a few samples of subsoil water in the 

pee mh of sewage farms. The following is a brief summary of the 
esults :— 





185 












































Total number of Number of spores of 
bacteria per c.e. Number of B. enteritidis sporo- 
Description of the. b. coli (or genes (KJein’s *‘ en- R he 
sample. closely allied | teritidis change” hited: 
Gelatine Agar at forms) pere.c. | in milk culture) 
at 20° C. 37° C. per c.c. 
2. Rid Riese OI) P 
a E{ 60. Subsoil water. 720 | 38 None in 1 ¢.c. | None in 10 e.c. “Gas” teat. 
es 2nd April, 1900 (Indol test, + Negative  re- 
7° Pump well near L ee;) sult, 1 ¢.c. 
< farm. : ee no 
chance of con- 
tamination 
from the farm. 
B & f 78. Subsoil water. 1,200 253 None in 1 cc. | +10, — lee. ff Gas "sees test. 
5 he 16th May, 1900 (Indol test, + Negative re- 
< Land under irriga- Tec.) sult, 1 c.c. 
tion about 150 yds, 
distant. 
4g 
eal 219.Subsoil water. 4,300 230 None in l cc. | - lee. “Gas” _ test. 
les, 30th Jan., 1901 - (Indol test, + Negative re- 
~ “Taken from land ees ory sult, 1 ce. 
drain in vicinity ; Apparently no 
of farm. chance of con- 
| hele a ls tamination 
from the farm. 
$ «= { 5. Subsoil water. 1,320,000 89,000 100, less than | — 10c.e. Freshly - dug 
35 15th Nov. 1899 1,000 well, results 
ae From high portion inconclusive. 
of farm; sewaged 
land within 50 yds. 
if 242. Well water, 40,000 410 At least 10(In- | - 10 c.c. Below Luton 
20 ft. deep. dol test, + 1 farm; liable 
19th March, 1901 | CC) to surrounding 
3 soil pollution 
g@ | 244. As above. 800 266 : None in 1 cc. |} — 10 cc. from contents 
=] 27th March, 1901 (Indol test, + of tub closets 
oa lec.) used as ma- 
nure. 
410. As above. 52,000 2,090 1, not 10([ndol | - le.e. 
. 7th Nov. 1902 test, — le.c.) 
Le ebb 
es} & { 415.Shallow water. 1,400 280 1, but less than | - l ce. Neutral red 
25\_ 18th Nov., 1901 10 (Indol broth test, +1 
___.__Dr. Vivian Poore’s oa test, + 1, - Cre. 
experiment. P “LG. 4) Surrounding land _ 
manured with 
excremental 
matters. 























The results varied considerably, but, excluding the worst samples, were 
very good. The best samples were, apart from a knowledge of their sonrce, 
seemingly fit for drinking purposes on the basis of the results obtained. But 
in judging waters from the point of view of potability, a more elaborate 
method of analysis (Pasteur filter-brushing method) than was carried out in 
the present instance is necessary. Two years’ work on the chemical and 
biological qualities of Chichester well water showed that shallow wells sunk 
in polluted soil and subsoil may show on searching bacteriological investiga- 
tion unequivocal evidence of excremental and therefore potentially dangerous 


pollution. 


C. The biological qualities of samples of (1) storm water, and (2) “street 
washings.” (Separate system). 


1.—As is well known, sewage, when diluted with rain water, is 


~ commonly discharged into rivers in the “untreated ” condition. For practical 


reasons it may be impossible to insist on the treatment at outfall works of 
more than a few times the dry weather flow of sewage. But it should be 
remembered that sewage diluted even six or more times with pure water 
would still remain a liquid as potentially dangerous to health as normal 
crude sewage. The grossly impure character of “storm water” should be 
borne in mind with the view of enforcing treatment of the whole of it, if 
this be practicable. Ifit is found to be impracticable to treat more than 


6225 (iii,) Ak 
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a certain volume, the foul character of the liquid escaping in time of storm 
‘nto the river in the untreated condition must needs militate against the 
adoption of standards of purity for “ effluents” of too stringent a sort. 
During the course of the investigation, we were only able to collect a few 
samples of storm sewage. But later a fair number of samples have been 
examined, and the results obtained confirm the truth of the above statements. 


2.—As regards “street washings” (separate system), it has been perhaps 
too readily assumed in the past that the storm-liquid resulting from the 
adoption of the separate system is relatively unobjectionable. From the 
bacteriological point of view, this liquid may be grossly and dangerously 


(potentially speaking) impure. 


The following is a brief summary of the chief results :-— 









































Number of spores 
Total number of Tes 
bacteria per c.c. Number of of is pate 4 
ee B. coli (or closely sare : 
Description of Sample. “ye (Klein’s “ enteri- 
P P peneform) fidis change? 
Gelatine | Agar at Peet in anerobic milk 
at 20° C. 37° C. culture) per c.¢. — 
67. Storm water over- | 17,600,000 1,480,000 100,000 At least 100, but 
flow after running (Indol test, less than 1,000 
Fe for 30 minutes. + ‘00001 c.c.) 
a 29th April, 1900 
5 | 
iz 68. Same as above | 26,100,000 1,640,000 | 10,000, not 100,000 | At least 100, but 
a after the overflow (1ndol test, less than 1,000 
had been working + 00001 c.c.) 
14 hours 
311. Street “wash- | 7,500,000 | 640,000} = No record. At least 10, but 
i ings” 2nd July, less than 100 
So risne After (2 
& days’ heavy rainfall 
Ba) 
@ |3:4. As above, but | 22,800,000 | 900,000 No record. At least 100, but 
i after 3 days’ rain (?) less than 1,000 
= slightly | contaml- 
nated with sewage 
from the farms 
174. Street ‘‘ wash- | 1,470,000 88,000 At least 10 Atleast 100, but 
ings.” (Indol test, + ‘1 | less than 1,000 
14th Noy., 1900 C.C.) 
3 179. As above 3,840,000 293,000 | 10,000, not 100,000 } At least 10, but 
= 2ist Nov., 1900 (Indol test, less than 100 
A + ‘00001 c.c.) 
$ 182. As above, after | 13,700,000 154,000 10,000 At least 100, but 
= running 2 hours (Indul test, less than 1,000 
8 28th Nov., 1900 + ‘0001 ¢.c.) 
188p. As above, after | 9,900,000 380,000 1,000 Atleast 100, but 
running 4 hours (Indol test, less than 1,000 
\ Ist Dec., 1900 + ‘001 ¢.c.) 
964. ‘Street wash- | 15,900,000 94,000 10,000 At least 10, but 
ings” (Indol test, less than 100 
: 20th June, 1900 + 0001 ¢.c.) 
= 
a0 
re 
231. ‘Street wash- 930,000 12,400 1,000 At least 100, but 
ings” (Indol test, less than 1,000 
4th March, 1901 + ‘001 c.c.) 
| 














Remarks. 





“Gas” test: + ‘01, — ‘001 
c.c. 2c.c of the sample 
were injected subcu- 
taneously into a guinea- 
pig. The animal died on 
the third day. 

“ Gas” test : + 001 - 0001 
c.c. 2c¢.c. of the sample 
were injected subcu- 
taneously into a guinea- 
pig. Theanimal died on 


the third day. 


Neutral red broth test: 
+ 0001, — ‘00001 c.c. 
Litmus milk test: Acid 
clot, 001 cc. Gas” 
test: + °001,— ‘0001 c.c. 


Neutral red broth test: 
+ ‘00001 ec. Litmus 
milk test: Acid clot, 
0001 c.c. ‘* Gas” test : 
+ 001, — ‘000lc.c. - 


“Gas” test: + ‘1, - ‘01 
c.c. 


“Gas” test: + Ol cc. 


“Gas ”.test: + 1, — ‘01 
c.c. A guinea-pig in- 
oculated with 2 c.c. of 
this sample died on the 
second day. 


“Gas” test: + 01, - ‘001 
c.c. 2¢.c. of the sample 
proved fatal on subcu- 
taneous injection into a 
guinea-pig. 


“Gas” test: -— ‘1 ee. 
Neutral red broth test: 
+ 01, -— ‘O00l cece. Lit- 
mus milk test: + ‘01, 
— ‘00l¢.c. A guinea-— 
pig inoculated with 4 
c.c. of the sample died 
on the second day. 


I ——<—<$< << <<< 


It is obvious from the above table that storm overflow and “street 
washings” liquids may be of a grossly impure character bacteriologically, 


187 


and quite unfit for discharge into rivers. Comparing, however, the number 


_ of bacteria growing (a) in agar at 37° C. and (0) gelatine at 20° C.it may be said 


that the number developing at blood-heat was relatively smaller than is the 
case in sewage. Many practical considerations may be adduced in favour of 
the ‘separate system”; but from the bacteriological point of view, it is im- 
possible to view the above results in any but a serious light. If, for practical 
reasons, it is necessary to discharge liquids of this kind in the untreated 
condition into the watercourses, it would seem to be illogical to enforce the 
adoption of drastic standards of purity in connection with sewage effluents. 
Nevertheless, excluding for the moment drinking water streams, it must 
be conceded that an occasional contamination of a watercourse by storm 
overflow and “street washings” liquids does not stand on the same footing 
as sustained contamination (effluents from sewage disposal works). It is 
constantly being urged that as these storm liquids are discharged into flooded 
rivers, the relative volumes of the storm liquid and river water differ so 
greatly as to obviate serious contamination of the stream. But river water 
in storm time is per se apt to be impure, often grossly impure, and usually is 
in no fit condition to dilute additional impurities. A common-sense view of 
the position is to press for the “treatment ” of these liquids if this be practic- 
able, and, if impracticable, to modify our standards of purity as regards 
sewage effluents. From the biological point of view, and in connection with 
drinking water streams, the considerations involved are of grave importance. 


Summary. 


Some diffidence is felt in briefly summarising the foregoing conclusions. 
It is assumed that what follows in the way of summary will be interpreted 
in the light of my more detailed and guarded statements, and only accepted 
as valid subject to the qualifying remarks and reservations that have been 
previously brought forward. 


1.—The treatment of sewage on land (with the apparent rather than real 
exception of Nottingham) does not so modify the biological qualities of 
sewage as safely to admit of the direct discharge of the effluents from land: 
processes into drinking water streams. 


2.—The bacterial flora of the soil on sewage farms is apt to resemble 
that of sewage plus in a greater or less degree the microbes characteristic 
of soil. 


3.—With regard to the ultimate fate of sewage microbes sown broad- 
cast on soil, a gradual destruction (relative, if not absolute) of the bacteria of 
non-sporing and adventitious sort seems to ensue when the application of 
sewage to the soil is discontinued. 


4.—The bacterial flora of effluents from land processes of sewage treat- 
ment is characteristic of the bacterial flora of sewage, not of soil. 


5.—The average percentage reduction in the total number of bacteria and 
in the number of B. coli and spores of B. enteritidis sporogenes in the land 
effluents as compared with the sewage is striking. 


6.—The best effluents from the different sewage farms were remarkably 


modified in the direction of purity, and easily satisfied my suggested 


bacteriological standards for effluents destined to discharge into non- 
drinking water streams. 


7.—The average biological quality of the effluents from the sewage farms, 
excluding Nottingham, was not entirely satisfactory according to my bacterio- 
logical standards (non-drinking water streams). Nevertheless, generally 
speaking, the effluents came within measurable distance of “passing” the 
primary and nearly always passed successfully the secondary standards 
which have been provisionally adopted for working and comparative pur- 
poses. 


8.—It is extremely difficult for many reasons to compare either (a) lan 


filtration with “surface irrigation” or (b) land eminently well suited for 


6225 (iii). ASR? 


188 


sewage purification processes with land less suitable or of unsuitable 
sort. Thus as regards (a), surface irrigation is commonly combined 
with some filtration, and in respect of (b) suitable landis usually seweged 
to a much greater extent than’ unsuitable land ; consequently in the 
resultant effluent differences are masked which otherwise might be very 
apparent. Of course, in point of fact, (1) filtration and suitable land; and 
2) surface irrigation and unsuitable land are usually correlated conditions. 
There was no comparison between the effluents from Nottingham (light loamy 
soil, “ filtration” effluents) and the effluents from the sewage farms treating 
sewage in the main by surface irrigation over heavy land. But it is 
satisfactory to note that surface irrigation effluents from heavy clay soil 
may, under favourable conditions of working the land, yield reasonably good 


effluents. 


9,-The treatment of sewage on land, as compared with its treatment 
by artificial processes, is a matter which is still under investigation, and 
therefore no definite pronouncement can here be made. But, speaking 
solely from the bacteriological point of view, land (if of suitable sort for 
sewage purification purposes and properly worked) is, in my opinion, to be 
preferred to artificial processes as now conducted. 


10,—The intrinsic biological qualities of sewage are not materially modified 
by land processes of sewage disposal, as judged by the tests employed in this 
investigation. 


11.—Samples of water derived from the rivers or brooks into which “land 
effluents” are being discharged were usually found above the efiuent outfalls 
to be impure (sometimes very impure) on bacteriological examination. 


12.—The biological quality of a few samples of the subsoil water in the 
neighbourhood of sewage farms was determined. The results, as a rule, 
were satisfactory, but the samples were not examined in the exhaustive 
manner necessary when the question of potability is involved. 


13.—If the examination of ‘‘ storm overflow liquid” be interpreted in the 
light of the confirmatory results which were subsequently obtained, it 
would seem that “storm overflow liquid” is potentially as dangerous as 
undiluted crude sewage. 


14.—- Street washings ” liquid (separate system) may be a grossly impure 
liqnid from the bacteriological point. of view. 
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APPENDIX I. 
Showing as regards (1) the B. coli and (2) indol tests, the results of the bacterio- 
logical examination of multiple samples of sewage and of effluents obtained 
Srom various sewage farms ; together with an analysis of the varivus coli- 
like microbes met with during the course of the investigation. 


In this Appendix the results obtained by Dr. Gordon are placed on 
record. They represent a prolonged and valuable piece of work. 


It is to be noted that throughout the whole progress of the inquiry the 
records, as regards the number of B. coli in the samples of sewage and 
effluent, are founded on isolation and study in pure culture of the microbes 
suspected of being B. coli, and not on tests which infer the presence of B. coli 
by a change or changes which when produced in special media are believed 
to be characteristic of this microbe. 


The isolation method, although laborious, is the only one which is not 
open to criticism, and the results obtained are of such value as more than to 
compensate for the time and labour involved in their achievement. 


The following is a summary of the chief biological characters of the coli- 
like microbes, isolated from the various samples of sewage and effluents :— 


SUMMARY OF COLI-LIKE ORGANISMS. 


Total number submitted to examination - 229 
Total number of these giving all three 


reactions, viz. :—gas, clot, and indol - - 130 (56 per cent.) 


Of the remaining 99, the reactions are as follows :— 


Gas, no clot, no indol - - . - - 35 (about 35 per cent.) 
Gas, clot, no indol - - - - PRM g cotter) oe SCG 
Gas, no clot, indol - : : - tes Se en ee 
No gas, clot, indol - - - - as Og ei ey) 
No gas, clot, no indol - - - SD itech bead isk se LJ 
No gas, no clot, indol - - - - sepia | Pl bes: 5 
99 
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The foregoing results may be expressed as follows :— 


Coli-like Organisms. 


229 


| 


Gas No Gas 
223 (97 %) 6 (2°6 Z%) 
Clot and indol. Clot, no indol. No clot, indol. No clot, no indol. Clot, indol. Clot, no indol. No clot, ind 
130. 34, 24, 35. 4, Le 1. 
(8 *) a5 (10 %) (a5 %) (86%) (16 %) (16 %) 


An alternative summary may be given as follows :— 


Of 229 Coli-like Microbes— 


About 97 per cent. produced gas, in gelatine “shake” culture. 


‘i 26 ,, produced no gas, in gelatine “shake” culture. 
2 (HESS ,, produced clotting, in litmus milk culture. 

bbe 45) ,, produced no clot, in litmus milk culture. 
OD ,, produced indol, in broth culture. 

52 BO ,, produced no indol, in broth culture. 

re , gave gas, clot, and indol. 

RAS , failed in one or more respects. Of these only a 


very small percentage failed as regards gas 
production, namely, 2°6 per cent. of the total 
number. As regards clot and indol forma- 
tion, 26 and 30 per cent.,; respectively, of the 


total number failed to give a positive result. 


The chief biological characters of the 229 coli-like microbes are given in 
detail in the accompanying table. These results have already been made 
the subject of a brief summary. 


The appended diagram shows the important relationship between the 
number of B. coli and of indol-producing bacteria. Although there is 
obviously a broad parallelism between the two tests, the indol curve, as 
might be anticipated, tends to run at a somewhat higher level. Apart, how- 
ever, from this striking agreement, the indol test by itself is a most useful 
indication of the biological quality of the effluents and, incidentally, of the 
degree of purification effected by the land treatment. 


There are sporing bacteria which can produce indol in broth cultures, 
but in the case of sewage and effluents the number of such bacteria is very 
small in comparison with the indol-forming bacilli. The ratio of total 
number of bacteria to spores of bacteria is a matter which has received 
much attention in previous reports. Here it is only necessary to call 
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attention to the diagram illustrating Appendix VI. (page 212). This diagram 
shows the results of the bacteriological examination of 25 consecutive 
samples of sewage and effluent, tested as regards (a) the “ordinary” indol 
curve, and (b) the “spore” indol curve. It will be noted the “spore” 
curve never encroaches on the “ordinary” curve, and “runs” at a much 
lower level. 


In conclusion it may, I think, with safety be said that the above results 
form the most complete record as yet published of the biological qualities of 
sewage and land effluents, as regards the number and character of the coli- 
like microbes present in them. 
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eR nin lu aT 


[The figures in thicker type refer to 


TaBLE showing the chief Biological characters of the 229 Coli-lke Microbes isolated and studied in 


samples of Sewage; the rest, unless otherwise specified, are Land Effluents 


W. W. = well water; Sp. W. = eprin 


<<< 


Number of Sample. 





Leicester : 


Nottingham : 


10 
11 


138 
16 


South Nory'ood : 


21 
22 
28 
25 
26 
27 
28 
29 
30 
31 


32 R. W. 
33 R. W. 
84 R. W. 


35 


Beddington : 


36 
37 
38 
39 
40 
41 
42 
43 
44 


45 R. W. 
46 R. W. E. 
47 R. W. E. 


Idershot Camp : 


48 
49 





“Gas” in Gelatine 
“ Shake” Cultures. 


+ + 


+++ 4+ 


{ 


t+etetetetrre+ttt 


+++ + 4+ 





Acid and Clot in 
Litmus Milk Cultures. 


+ + 


+ + 4+ 


++ Ff + 4+ 





Indol in Broth 


Cultures. 


+ 


++ + 4+ 


+ + + + 


+ + 


+ + + + + 


Number of Sample. 


Aldershot Camp—cont. 


53 - 
54 - 
55 - 
56 - 
57 R. W. 


58 R. W. E. 
59 R. W. E. 


Sandhurst : 


67 Stm. W. 
68 Stm. W. 


69 - 


Lindfield : 
79 - 
80 - 


Aldershot Camp : 


81 - 
82 - 
83 


“Gas” in Gelatine 
“Shake” Cultures. 








++ e+ 4+ 4+ 4+ 


++ tte tot 


+++ 44+ 4+ 4+ 4+ 


4. 





Acid and Clot in 
Litmus Milk Cultures. 


+++ + + + 4 














Indol in Broth 


Cultures. 


Rugby: 
93 - 


95 - 
96 - 


97 - 
98 - 
99 - 
100 - 


+ + + + + 4+ 4+ 


115 - 
Tepe 


21 - 


Leicester : 
124 
125 - 
126 - 
127 - 
128 
129 - 
130 - 
131 - 


136 
1387 - 
138 - 
139 - 
140 - 
141 - 
143 - 
145 - 


+++ 4+ + 


i 146 - 
alk. 


+ + 


149 
, 150 - 
161 - 





Number of Sample. 


96a St. W. 


Nottingham : 


. 


. 120R. W. 


122 R. W. E. 
123 R. W. E. 


133 R. W. 
134 R. W. E. 
- 185 R. W. E. 


Beddington ; 





++ tet t+ t+ tee te t+ t+ 


t+ee teeter retetet st 


+++ + + 


g 
-_ 
~ 
° 
= 
rs) 
os) 
| 
3 
i} 
— 
o 
= 


“Gas’’ in Gelatine 
‘| “Shake” Cultures. 


+t tee t+ 


+ Fo + 


Litmus Milk Cultures, 


t+tetteeeertteteeetettet 





Indol in Broth 
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APPENDIX IT. 


Showing as regards the (1) “ Gas”; (2) B. enteritidis sporogenes, and (3) Neutral- 
red broth tests, the results of the bacteriological examination of samples of 
sewage and of effluents obtained from Nottingham, Aldershot Camp, Beddington 
(Croydon) and Leicester Sewage Farms. Special Comparative series of 
experiments. 

The results of these experiments have been already dealt with in connec- 
tion with the description of the above sewage farms. They are here grouped 
together in one diagram to enable a comparison to be readily drawn between 
the effluents from the different sewage farms. ‘The soil of the sewage farms, 
the sewages dealt with, and the methods of treatment may be described 


very briefly as follows :— 
Nottingham.—Light sandy loam; mixed sewage ; filtration. 
Aldershot Camp.—Sand ; domestic sewage ; filtration. 
Beddington (Croydon).—Gravelly loam; domestic sewage; chiefly 


surface irrigation. 
Leicester.—Stiff clay ; mixed sewage; chiefly surface irrigation. 


The following is a brief summary of the results :— 


Gas test: 
Nottingham.—All 15 effluents passed the standard ~ - 


Aldershot Camp.—10 out of 15 effluents passed the | Standard, 
standard : - - - : - - - | negative 
Beddington (Croydon).—1 out of 15 effluents passed result 
the standard - - - . : : : to C.C. 
Leicester.—4 out of 15 effluents* passed the standard - 
It is to be noted, however, that as regards Aldershot Camp, Beddington, 


and Leicester, 4; no less than 11; and 6 other samples of this series, respectively, 
came within measurable distance of passing the suggested standard. 


B. enteritidis sporogenes test : 
Nottingham.——-14 out of 15 effluents passed the standard 
Aldershot Camp.—8 out of 15 effluents passed the} Standard, 


standard - - - - - : -| negative 
Beddington (Croydon).—2 out of 15 effluents passed result 
the standard - - - - ; : ‘ : to €.C. 


Leicester.—5 out of 15 effluentst passed the standard - 


It is to be noted that as regards Aldershot Camp, Beddington, and Leicester, 
8; no less than 12; and 4 other samples, of this series respectively, came 
within measurable distance of passing the suggested standard. 

Neutral-red broth test: 


Nottingham.—14 out of 15 effluenis passed the standard 
Aldershot Camp.—-4 out of 15 effluents passed the| Standard, 


standard - - - - - - -| negative 
Beddington (Croydon).—4 out of 15 effluents passed result 
the standard - - - - . : ‘ .| roo CC. 


Leicester.—8 out of 15 effluents§ passed the standard 








* 4 out of 9 effluents, excluding the 1st and 2nd field effluents. 
+ 4 out of 9 effluents, excluding the 1st and 2nd field effluents. 
§ 3 out of 9 effluents, excluding the 1st and 2nd field effluents. 


Diagram showing as regards the (1) Gas,(2) B. enteritidis sporogencs ,& (3) neutral red. 
broth tests the results of the bacteriological examination of numerous samples of sewage 
and of effluents obtained trom Nottingham Aldershot, Beddington & Leicester sewage 
farms : ( Special comparative series of experiments.) 
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As regards Aldershot Camp, Beddington, and Leicester a3.5) and 5 
other samples of this series, respectively, came within measurable distance 
of passing the suggested standard. 


Although the actual, not the percentage results, must be considered in 
Judging sewage effluents, the remarkable purification effected by the land 
treatment is well worth noting. The contrast between the samples of sewage 
and of effluents is well shewn in the accompanying diagram. Comparing 
the effluents from the different sewage farms, it is obvious that the Notting- 
ham effluents were much the best as regards all three tests. Next on the 
whole come the Aldershot Camp effluents ; although the results were, in this 
case, less satisfactory by the B. enteritidis sporogenes test than as regards 
the “gas” and neutral red broth t~sts. Beddington has been given the third 
place, since the effluents on the average were somewhat better than 
those obtained from Leicester. Nevertheless, although the worst effluents 
from Leicester were worse than the worst effluents from Beddington, it 
should be noted that more effluents from Leicester passed the “gas” and 
B. enteritidis sporogenes tests than from the Beddington sewage farm. 
Moreover, samples 350, 351, 358, 359, 362 and 366 from Leicester were not 
finally treated effluents. 


The “ gas ” test, it will be remembered, affords a simple means of measuring. 
the relative (not the actual) number of gas-forming bacteria present in a sample. 
The B. enteritidis sporogenes test, apart from its more specialised value, is 
a most useful indication of the number of sporing anerobes of all sorts 
present in sewage and sewage effluents. The neutral red broth test, if 
carried out in the manner recommended by me, is a reliable index of the 
probable number of B. coli or coli-like microbes present. 


There can be no question but that these three tests, even taken severally, 
but more especially when taken collectively, afford a ready and useful means 
of comparing the biological qualities of sewage effiuents and the degree of 
purification effected by one and another process of sewage treatment. 
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APPENDIX III. 


Showing as regards the (1) “gus” (“gas” am gelatine “shake” cultures in 
24 hours at 20° C.); and (2) B. enteritidis sporogenes tests the results of 
the bacteriological examination of numerous samples of sewage and of 
eftuents obtained from various sewage Sarms. 


In this Appendix all the samples examined by both of the above tests 
are brought into comparison. It must be remembered that the “gas” test, 
when the observations are made after 24 hours’ incubation of the cultures 
at 20° C., does not give the actual but only the relative number of gas- 
forming bacteria in the samples. The broad agreement* in the results 
yielded by the two tests is worth noting. As arule the samples of sewage 
give with both tests a positive result with from ydo tO tod00 ©&-¢ but usually 
with +55 ¢¢. The sewage effluents naturally varied very much, and the 
standard set up for both tests, namely, a negative result with +5 c.c. of the 
sample, practically means that to “pass” this standard the number of spores 
of B. enteritidis sporogenes and gas-forming bacteria present 1n crude sewage 
would require in the effluent to be reduced one-hundred-fold. This may 
seem a severe standard; but in this connexion, it is worth noting that the = 
really good effluents, as judged by other tests (¢./., those from Nottingham), 
satisfactorily passed the suggested standard. Indeed, if reference be made 
to Appendix IT. (special comparative series of experiments), it will be seen 
that nearly all the Nottingham effluents gave a negative result with 1 Gc. ; 
i.e., they not only passed but easily passed the suggested standard (negative 
result with +, c.c.). 


The following is a brief summary of the results :—. 


For convenience of description, the “ gas” test will be spoken of as (1), 
and the B. enteritidis sporogenes test as (2): 





Leicester.— 1 out of 4 effluents passed test (1)\ > s 8 
1 ? d. 9? 9) (2) 3 =I 

’ ? SE = 

Nottingham.— 7 out of 8 effluents passed test (1) | 3 = 8 

Gi, a 8 » —= (2am 
South Norwood.— 5 out of 21 effluents passed test (1) se The we 
Seti, » (2S aa 
Beddington (Croydon).— 4 out of 10 effluents passed test (1) | = Be = 
a ” 10 ” ” (2) 4 2 4: 

G+ 
Aldershot Camp.t—5 out of 46 effluents passed test (1) | % 37 s 
13 978 coe » (2) eee 
S 

Altrincham.— 9 out of 15 effluents passed test (1 204 ga 
Ll ee as, 1» (2) ees 

Rugby.— 9 out of 17 effluents passed test (1) 3 = E 

o ” 17 ”? ”? 2) a as 

i : Mra 

Cambridge.—- 8 out of 14 effluents passed test (1)| 875 2 

‘ © 8o 

2 ”? 14 ” ” (2 T 2 


The samples examined from Sandhurst, Lindfield, Worsley, Hemsworth 
and Derby County Asylum sewage farms were too few in number to merit 
special notice in this place. 

In connection with the descriptions of the various sewage farms the 


above results have already been considered, so that it is unnecessary here to 
enter into further detail. 





* By this is meant not that the percentage variation, above and below the mean, showed a 
parallelism, but only that the results yielded by the two tests showed usually a certain degree of 
correspondence. 

+ In the case of Aldershot Camp sewage farm, it would seem as if the gas-forming bacteria 


were removed or destroyed by the land treatment to a greater extent than the spores of B. 
enter!*idis sporogenes, 
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TABLE showing as regards (1) the “Gas” Test (“Gas” Production in Gelatine 
“Shake” Cultures in 24 hours at 20° C.); and (2) the B. Enteritidis Sporogenes. 
Test, the results of the Bacteriological Examination of numerous samples of 
Sewage and Effluents obtained from various Sewage Farms. 





[The double line in each case refers to a provisional standard. According to this standard all sam'es giving 
a positive result on the right side of this line would be tentatively condemned, } 








pee ps Coat Cae ures Spores of B. Enteritidis Sporogenes (Klein). 


DESCRIPTION OF THE 























SAMPLE. 
1 ‘] ‘01 | ‘001 ‘0001 | -00001 1 =I 01 001 “0001 | -00001 
C.c. €.c. Que; 1e e.e. €.c. C.c. C.c. ce. | ce Cc. C.e. C.c. 

LEICESTER SEWAGE FARM: 

4 General effluent - a= —E = 
14th November 1899. 

145 Final effluent - < a os Be be 

' 24th September 1900. 

146 Final effluent - = at = as Be 

25th September 1900. 
147 Final effluent - E oe > of = 

26th September 1900. 






















NorrincHAM SEWAGE 
FARM: 


10 Crude sewage - - 
5th December 1899. 





23rd July 1900. 





~SoutTH Norwoop SEWAGE 


_————— 





Crude sewage - - 





Final effluent, over- 
worked field. 
5th December 1899. 
Final effluent - - 
5th December 1899. 
Final effluent - = 
23rd July 1900. 
Final effluent - . 
24th July 1900. 
Final effluent - = 
25th July 1900. 
Final effluent - 3 
30th July 1900. 
Final effluent - 2 
Ist August 1900. 
Final effluent - - 
Ist August 1900. 


FARM: 


Settled sewage = - 
22nd January 1900. 

Settled sewage - 
20th November 1900. 


First effluent - : 
16th January 1900. 

Final effluent - - 
16th January 1900. 

First effluent - = 
16th January 1900. 

Second effluent - 
22nd January 1900. 

Final eftiuene - - 
22nd January 1900. 

Final effluent - - 
14th November 1900. 
First effluent - - 
20th November 1900. 
Final effluent - - 
20th November 1900. 
Final efiluent - . - 
21s November 1900 
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(24 hours at 20° C.). 
















































cee ue 1 | -o1 | 001 | 0001 | 00001 | 1 || 2 | -o1 | -001 | -O001 
c.c. c.c. Cle. A esCs c.c. C.c. c.c. (ORDA, ||P tor c.c. c.e. 
SoutH NoRWo0oD SEWAGE 
FarmM—continued. 
Experimental Hffluents. 
181 First effluent - - a — 
27th November 1900. 
183 First effluent - - + = 
28th November 1900. 
184 General effluent - ie = 
28th November 1900. 
185 Final effluent - = + = 
29th November 1900. 
187 Final effluent - - Ae = 
8rd December 1900. 
18] Final effluent - e = 
5th December 1900. 
190 First effluent - - an 
10th December 1900. 
i91 Final effluent - : + = 
10th Vecember 1900. 
192 Final effluent - 2 = 
llth December 1900. 
193 First effluent - ab a 
13th December 1900. 
194 Final effluent - 2 ae = 
13th December 1900. 
195 Final effluent - : £8 A 


BEDDINGTON (CROYDON) 


17th December 1900. 


SEWAGE FARM: 




















40 Crude sewage - - 
20th February 1900. 
149 Crude sewage - - 
3rd October 1900. 
152 Crude sewage - - 
8th October 1900. 
37 First efluent - 5 
12th February 1900. 
38 Seeond effluent - 
12th February 1900. 
39 Final effluent - - 
12th February 1900. 
43 Final effluent - - 
20th February 1900. 
150 First effluent - - 
3rd October 1900 
151 Final effluent - - 
8rd October 1900 - 
153 Final effluent - 
8th October 1900. 
154 Final effluent - - 
9th October 1900. 
155 Final effluent - - 
10th October 1900. 
157 Final effluent - - 


314 
319 


16th October 1900. 


ALDERSHOT CAMP 
SEWAGE FARM: 


Crude sewage - 
12th March 1900. 
Settled sewage 
14th March 1900. 
Settled sewage 
2lst March 1900. 
Settled sewage 
28th May 1900. 
Settled sewage 
5th June 19v0. 
Settlecas swage 
Ist April 1901. 
Settled sewage 
19th June 1901. 
Settled sewage 
19th June 1901. 
Settled sewage 
24th June 1901. 
G. Crude sewage - 
8th July 1901. 
B. Crude sewage - 
166) July 1901. 





























t+ + + + + + 4+ 
| 












































Spores of B. Enteritidis Sporogenes (Klein) 
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DESCRIPTION OF THE 


** Gas” in Gelatine “Shake” Cultures 
(24 hours at 20° C.). 





























SAMPLE. 
1 =i ‘Ol 001 
C.c. Ge.) Ge ki ce 
ALDERSHOT CAMP SEWAGE 
FARM—continued. 
323 A. Crude sewage” - 
22nd July 1901. 
325 A. Crudesewage~ - 
24th July 1901. 
49 Final effluent - 2 
12th March 1900. 
51 Final effluent 2 - 
14th March 1900. 
52 Final effluent - - 
19th March 1900. 
53 General effluent - + - 
19th March 1900. 
55 Final effluent - ~ 
21st March 1900. 
(Il) 82 Final effluent - = 
28th May 1900. 
(Il) 83 Final effluent - - 
29th May 1900. 
(II) 84 Final effluent - - 
30th May 1900. 
(I) 87 Final effluent - — = 
5th June 1900. 
(Il) 88 Final effluent - + > 
6th June 1900. 
89 General effluent - - 
6th June 1900. 
246 General effluent - - 
Ist April 1901. 
247 Final effluent - - 
lst April 1901. 
304 Final effluent - oa 
19th June 1901. 
305 Final effluent - - 
19th June 1901. } 
J 307 Final effluent - - 
24th June 1901. 
7 312 Final effluent - + - 
2nd July 1901. 
ols Final effluent - ~ 
8rd July 1901. 
9314 A. Final effluent - - 
4th July 1901. 
314 B. Final effluen - = 
4th July 1901. 
314 C. Final effluent - - 
4th July 1901. 
{| 314 D. Final effluent - = 
5th July 1901. 
314 E. Final effluent : = 
5th July 1901. 
314 F. Final effluent : os 
5th July 1901. 
7 314 H. Final effluent = 
8th July 1901. 
mi oly Final effluent 2 = 
9th July 1901. 
317 A. General effluent - = 
9th July 1901. 
4 318 Final effluent - = 
10th July 1901. 
318 A. General effluent - = 
9th July 1901. 
318 C. General effluent - = 
llth July 1901. 
4 318 D. Final effluent : = 
llth July 1901. 
318 E. General effluent - = 
12th July 1901. 
4 318 F. Final effluent a 
12th July 1901. 
319 Final effluent - ae = 
15th July 1901. 
319 A. General effluent - a: 
15th July 1901. 
319 C. Final effluent - = 
; 16th July 1901. 
320 A. General effluent - = 
17th July 1901. 
(\|)821 Final effluent . es 
17th July 1901. 
322 A. General effluent - - 
18th July 1901. 
(\)322 Final effluent 2 + = 


18th July 1901. 








0001 
CORP 





00001 


C.C. 


Spores of B. Enteritidis Sporogenes (Klein). 


1 


c.c. 


(\\) Signifies new land effluents (A). 


q ” 


” ( 


B). 





























‘Ol 
C.c. 





‘001 
c.¢. 


0001 
C.C. 


00001 
Cc. 
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“Gas” in Gelatine “Shake” Cultures was lei 
(24 hours at 20° C.). Spores of B. Enteritidis Sporogenes (Klein). 


DESCRIPTION OF THE 













































































SYSTEM. ; 
. 1 “1 ‘01 | :001 | ‘0001 | -00001 1 ‘} O01 001 0001 | 00001 
cc. |}-¢.c. 4.¢.¢. | Cc. CC. G:C. c.c. || .c. | ¢.¢. C.G. c.¢. C.L. 
ALDERSHOT CAMP SEWAGE | 
FarmM—continned. 
‘322 B. Generaleffluent~ - + = Bi - 
19th Juty 1901. 
322 C. Finalefiluent -~ - + Es ES 
19th July 1901. 
(|) 323 General efiluent = - + = ot = 
22nd July 1901. 
323 B. General effluent’ - st + = 
22nd July 1901. 
{|) 324 Final effluent - - Au = a = 
23rd July 1990. 
324 A. General effluent - - rsp Ree 
23rd July 1901. 
ALTRINCHAM SEWAGE 
FARM: 
64 Settled sewage : 4 =a - 
26th April 1900. 
65 First effluent from EC = a 
lagoon. 
26th April 1900. 
169 Ponded lagoon liquor i. = + - 
30th April 1900. 
“75 Settled sewage : a ze Bh ns 
15th May 1900. 
249 Settled sewage - a oe + a 
17th April 1901. 
264 Settled sewage - ae =. = = 
30th April 1901. 
‘265 First lagoon liquor - a 4 = 
30th April 1901. 
266 Second lagoon liquor af oi - 
30th April 1901. 
‘275 Liquor last lagoon - ve ug ah oe 
8th May 1901. 
66 Final effluent - - 2 ba 
26th April 1900. 
70 Effluent, ponded la- ae 4 we os 
goon. 
30th April 1900. 
72 General effluent = - oe He 43 - 
7th May 1900. 
"16 Final effluent - : ay x ES 
16th May 1900. 
fis Final effluent - - at a ah 
16th May 1900. 
248 Final effluent - + bes we ka 
16th April 1990. 
250 Final effluent - - eu ia 48 ny 
Tree oe 17th April 1900. 
251 Final effluent - ot le a i a 
17th April 1900. 
252 Final effluent - -] + a ae - 
22nd April 1900. 
253 Final effluent - — - a a i vt 
22nd April 1900. 
254 Final effluent - oats = nt = 
22nd April 1900. 
"2255 Final effluent - 31 pci a 4 an 
22nd April 1900. { 
267 Final effluent - =| feces a a 5 
Ist May 1901- 
274 Final effluent - 4] 8 a 4! a 
7th May 1901. 
276 Final effluent - Sf ce om a3 = | 
8th May 1901. 
‘RucBy SEWAGE Farm: | 
93 Crude sewage - - + as + nora 
aes he June 1900. j 
Crude sewage - 5 - » 
95th June 1900. Mi i 
233 Crude sewage- —- rs iz A Pe 
6th March 1901. 
235 Crude sewage - = i x 4 * 
llth March 1901. : 
95 Chemically precipi- al is a 
tated sewag 7 
ge. 
‘20th June 1900, 
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“Gas” in Gelatine ‘Shake” Cult +s 
(24 hours at 20° C.). he Spores of B. Enteritidis Sporogenes (Klein). 


DESCRIPTION OF THE 
SAMPLE. 





1 ‘k Ol | 001 | -0001 | -00001 1 ‘1 ‘Ol ‘001 0001 | -00001 
C.c. |] Cc. | Cc. | cc, ¢.c. €.¢, CoCo inerCia li CsCs C.e. C.c. C.c; 














continued. 


01 Chemically precipi- of 
tated sewage. 

2nd July 1900. 

24 Settled sewage = on = 


Ruesy SEwAGE Farm— 
18th February 1901. 

















94 Final effluent - : a = 
19th June 1900. 
96 Final effluent - - + = 
20th June 1900. 
98 Final effluent - - + = 
25th June 1900. 
0 Final effluent - - ae = 
2nd July 1900. 
03 Final effluent - —- a = 
3rd July 1900. 
104 Final effluent - > a Ss 
4th July 1900. | 
06 General effluent = - ye ames 
9th July 1900. | 
25 General effluent = - | 
18th February 1901. 
226 Final effluent - - + | 
20th February 1901. 
First effluent - - ou = 
26th February 1901. 
229 Final effluent - - + = 
26th February 1901. 
230 General effluent — - + - 
_ 27th February 1901. 
232 Final effluent. - ato 
d 5th March 1901. 
General effluent -{| + or 
6th March 1901. 
36 First eftluent - : ; oe = 
4 11th March 1901. 
23} General effluent - - 
11th March 1901. 
238 General effluent - es 
13th March 1901. 


























CAMBRIDGE SEWAGE FARM: 
0] Crude sewage - - 
8th January 1901. 
213 Settled sewage 
23rd January 1901. 
215 Settled sewage - 
; 28th January 1901. 
217 Settled sewage 3 
28th January 1901. 





+ + + + 








+ 
| 


203 Final effluent - —- 
9th January 1901. 
204 General effluent = - 
9th January 1901. 
105 General effluent - 
r 10th January 1901. 
07 General effluent = - + 
, 14th January 1901. 
208 General effluent = - + - 
4 15th January 1901. 
209 General effluent - is -: 
16th January 1901. | 
210 Final effluent - - - 
16th January 1901. 
21] Final effluent - =f + = 
3 2ist January 1901. | 
212 Final effluent - - Se ihe = 
a 2ist January 1901. 
214 General effluent — - +o fo o- 
S _ 23rd January 1901. 
216 Final effluent - - - 
a 28th January 1901. 
218 Final effluent - - _ 
28th January 1901. 
General effluent - | + = 
4th February 1901. 
General effluent = - + = 
sth February 1901. 


+ + 
| | 
| 

















‘ao 
| 
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“ Gas” in Gelatine “Shake” Cultures 
(24 hours at 20° C.). 
DESCRIPTION OF THE J 


SAMPLE. 


Spores of B. Enteritidis Sporogenes (Klein), — 





‘01 001 0001 =| *00001 
ee. ¢.c. C.c, Ces 


1 al 701 | 001 } :0001 | -00091 
c.c. |] Cc. | ClC. Hl C.c: CrG. C.c.. 





od 


2 5 “2 
is ¥! a 
+ - | 4 — 
+ - = aft 
















SANDHURST SEWAGE FARM: 


61 Settled sewage - 
4th April 1899. 


62 First effluent - 
4th April 1900. 

63 Final effluent - 
4th April 1900. 

















LINDFIELD SEWAGE FARM: 
91 Settled sewage - 
12th June 1900. 


92 Final effluent - - 
12th June 1900. 











WORSLEY SEWAGE FARM: 


277 Crude sewage - - 
13th May 1903. 

285 Crude sewage - - 

28th May 1901. 





Final effluent - 
13th May 1901. 
280 Final effluent - - 

15th May 1901. 
286 Final effluent. - - 

28th May 1901. 
287 Final effluent - - 
28th May 1901. 




















HEMSWORTH SEWAGE 
FARM; 


291 Settled sewage - : ce - 
4th June 1901. 

293 Crude sewage - - ct 
5th June 1901. 





292 Final effluent - - ae oe 
4th June 1901. 
294 Final effluent - Al 
5th June 1901. 








! 





MICKLEOVER ASYLUM 
SEWAGE FARM: 


295 Crude sewage - 
llth June 1901. 


296 Final effluent - 
llth June 1901. 
297 Final effiuent - 
12th June 1901. 
298 Final effluent - 
2th June 1901. 
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Diagram showing asregards (1) the gas’ test & (2) the B. enteritidis sporogenes test the resvit of the bacteriological exanunation of numerous Samples of Sewage & of Efftuents from Varios Sewage Karns. 
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ALDERSHOT Camp SeEwace Farm. 
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ALDERSHOT CAMP SEWAGE FARM. 
ALDERSHOT CAMP SEWAGE FARM. 
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NGTON (Croydon) 


SEWAGE FARM. 


EEDDI 
Crade 

aa 
PIs 


BEDDiNGTON 
SEWAGE FARM. 


‘laents 
Qs 
aS 
| 
| 
S.NORWOOD SEWAGE FARM. 


S.NORWOOD SEWAGE FARM. 
Eff 


a ee 
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APPENDIX IV. 


Showing as regards (1) the neutral red broth, (2) litmus milk, (3) B. enteritidis 
sporogenes, and (4) “gas” tests the results of the bacteriological examination 
of numerous samples of sewage and effluent obtained from various sewrge 
farms. 


In this Appendix, the results obtained by the use of these four simple 
tests are brought into comparison. It will be seen, from the accompanying 
table and diagram, that 2 broad parellelism* exists between these tests. The 
neutral red broth and litmus milk tests run more or less together and show 
a wider range of results than the “gas” and B. enteritidis sporogenes tests. 
Carried out in the way that has been recommended, these tests afford a 
useful indication of the probable number of coli-like microbes present in a 
sample. But apart from the precise interpretation to be placed on the results, 
that is, on the identity of the particular microbes producing certain changes 
in these media, these changes being recorded as positive results, there can be 
no question that the tests, as tests, are of considerable value in enabling one 
to gauge the biological status of sewage effluents and the degree of purifica- 
tion effected by one and another system of treatment. The importance of 
this way of looking at and judging bacteriological tests has been repeatedly 
emphasized ; and it is only necessary to add that the above remarks apply 
equally well to the “gas” and B. enteritidis sporogenes tests. These tests 
(‘‘gas” test and B. enteritidis test), of course, run at a lower level, that is, they 
show a narrower range of results than, for instance, does the neutral red broth 
test ; and in respect of the “gas” test it must be remembered that the results, 
as observed after 24 hours at 20° C., do not indicate the actual but the relative 
number of gas-forming bacteria of the B. coli and B. proteus class. Since 
the work covered by this report was in progress the litmus milk test has. 
been modified,+ and the time of observation, both for the litmus milk and 
neutral red broth test, extended to 48 hours. ‘The standard for the former 
test has been brought to the-same level as the neutral red broth test, viz., a. 
negative result with +5455 ¢.c. of the sample. 


In judging the results obtained by the treatment of sewage on land of 
one or another kind, it is important to note that crude sewage, when 
submitted to the neutral red broth and litmus milk tests, usually gives a 
positive result with +5359 tO todyon 6.6. ; and a positive result with usually 
oop ©-¢. in respect of the “gas” and B. enteritidis sporogenes tests. 





The remarkable percentage improvement effected in the effluents as 
compared with the sewage by the land treatment is striking; but it must. 
always be remembered that the actual, not the percentage, result is the true 
criterion of safety and purity. Nevertheless, the fact that many of the 
effluents showed a hundred-fold and some a thousand-fold purification, 
as compared with the crude sewage, is well worth noting. 


The following is a brief summary of the results :— 


The neutral red broth, litmus milk, B. enteritidis sporogenes, and “gas” tests will be referred 
to as tests (1), (2), (3), and (4) respectively. Taken in the same order the standards are a 
negative result with -001, -01, ‘1, and -1 ec. respectively. 

Rugby Sewage Farm -—Crude sewage: Sample (235) gave a positive result with yo9gq, ©¢¢. ; 
rose 0-5 reso @¢.; and z2y cc. as regards teste (1), (2), (3), (4) respectively. Hifiuenis - 
All three effluents passed the standards for tests (1), (3), and (4), and one out of these three 
effluents the standard for test (2). 


Aldershot Camp Sewage Farm:—Orude sewage: All the eight samples ot sewage gave a positive 
result with s5¢5y5 ©-¢-, test (1). Six out of seven a positive result with rop5a5 ©:¢., test (2). 
As regards test (3), two samples gave a positive result with zp4y5 ¢¢., and the remaining six a 
positive result with zy55 ¢.c. All eight samples gave a positive result with j;y'55 ¢.¢., test (4). 





* By a “broad parallelism ” is not meant an agreement as regards percentage variation, above 
and below the mean, but only that the curves relating to these tests show some degree of corre- 
spondence. 

+ Milk, 20%; peptone, 2%; lactose, 1%; sodium taurosholate, 0°5% (verv similar results are 
obtained if this salt is omitted); sodium carbonate 0°01%; water, 76°57; tinted with litmus 
solution. Observations as regards “ gus” formation, acitity and clotting made after 24 to 48 hours 
incubation at 37° C. Later, I have used with success this medium, but with 0.1 per cent 
of sodium carbonate and no sodium taurocholate. 
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LEffiuents : As regards test (1), 19 out of 35 samples passed the standard set up for this test ; 
5 out of 33 proved satisfactory in respect of test (2) ; 12 out of 35 passed the standard for test (3); 
29 out of 35 passed as regards test (4). 


Altrincham Sewage Farm :—Sewages and ponded liquor ;- Sample 249 (settled sewage) gave 
positive result with rypoq ©.¢., test (1); tory ©c., test (2); py cc., test (3); ~1, c.c., test (4 
Sample 264 (settled sewage) gave a positive result with rypyyy ©.c., test (1); rsp ¢.c., test (2); 
roe ©.¢., test (3); ton ©.¢., test (4). The ponded liquor 266 gave as regards tests (1), (2), (3), (4)a 
positive result with, respectively, sy'55 ¢.¢.; yoy CC. 3 ay c.c.3 and yoy cc. Effluents: As regards 
the effluents, 3 out of 4; 2 out of 3; 2 out of 4; 2 out of 4 samples passed the standards set up 
for tests (1), (2), (3), (4) respectively. 


Worsley Sewage Farm :—Crude sewage ; Sample 277 gave as regards tests (1), (2), (3), (4) a positive 
result with, respectively, +odsoy ©-¢. ; To00 CC. 3 oy 0c. and yohgy Ce. Taking the tests in 
the same order, sample 285 gave a positive result with z5¢557 ©¢.¢. } rToo0s C3 zoey cc. 3 and 
tooo ©-c. Hffluents: As regards the effluents, keeping this order, 1 out of 3; 1 out of 3 alia: 
1 out of 3 samples passed the standards set up for tests (1), (2), (3), (4) respectively. 


Derby County Asylum (Mickleover) Sewage Farm .—Crude sewage : Sample 295 gave as regards 
tests (1), (2), (3), (4) a positive result with ro¢s57 ©.0.3 roigo OC; To ¢.0. and OF, fi.e, 
respectively. E/fiuents : Taking the tests in the same order, none out of 3; 1 out of 3 ; none out 
of 3; and 1 out of 3 samples passed the standards set up for these tests. 


The above results have been already dealt with in connexion with the 
descriptions of Rugby, Aldershot Camp, Altrincham, Worsley and Derby 
County Asylum (Mickleover) sewage farms ; it is, therefore, unnecessary to 
consider them here in greater detail. 





205 


| 
+ + + + + + 














~ + 








| 
(70°0 *F WGI 4ser oaTyesou ‘prepueyg) 








0'D O20) | 20-0 | Os ONy a HeEcasD 
TO000- | 1000- | TOO. | TO- I- T 





















































‘TO6T Aine YI9T 























zi p = - eseMes OpnKIg ‘gq 61E 
‘To6I Arne 498 

i : - - esVMOs OpnIg “4 FI 
| “LO6T 9UNL YIFS 

ts - = - 958MO8 PoT9999 90€ 
| “TO6T OUNL OIG 

ve 3 2 - @SBAOS PeTIIES €0£ 
| | ‘TO6T PUNL 4AST 

4 | $ 5 - 9HVAOS PIT9409 BOE 
‘L061 Tady 481 

he | - - > OSBMOS POT}}99 ShG 

“Wav 
ANVMAS dAVO LOHSUACTY 
SE 

“LO6T YOIeT UIST 

= = : 2 - quonpyje [e10ue+) 8&% 
“LO6T YORI GAIT 

= BY 3 : - quenpye [e1eue+) LES%™ 
“TO6T Gore 19S 

ae or E : quonpyo [VUl YT GES 
“TO6T YOLVTAL UAT 

rn - c - ABBMOG opnig GES 





(10° 99°F Warm 4[Nsoel OATYES0U ‘prepueyg) WAVA AOVMTS AGHNi[ 











(‘2D 06 9% SiMoY $Z) 
saimy4jynd ., syxVys,, oulze[as UI .,SBx),, 





[‘poumopuos Ayoatze4U04 0g P[NOAL OUT] OY} JO OpIs FYSII 04} UO 4[NSeI OATzIsod v ButArs squonpyo py} pure ‘prepuys peuorstaoid & 07 sIoJo1 


- + 
+ 
ss afew 
- + 
- + 
— | =f 
| | 
- + 
(‘o°o SF yqLa 4yMsor OATPeSOU ‘prepueyg) (0° “$4 GqIA 4[nser ealyecou ‘prepurys) 
0"9 0°9 | ‘0°O | *O°O | “O°d |} *O°O ‘0°0 gt am a Mo oe 
10000- | [009-| T00- | T0- I: T 10000- | TO00- | TOO. | TO. Ash ootger L 
hie, 


q[nsel oatyesou ‘osueyo o[qIsIA OU 10 
eqvy = “(= ¢) eatgesou Ay[oym you 4[nser 
‘qo[9 ou ee Aqrproe gourstq. (+) qyns 
‘ol dATzISOd “Jo[d pl[os pue proe Su0I149 


(soing[nd YUL 
dIqol@ue Ul ,, ssuRyD sIprytieque ,, 
S$ ULe[ x) SoUaSoIOds sIpIj110qUs ‘g Jo se1odg 








"9°9 “9°99 | *9°9 “asm [enn bEpsg 
T0000: | T000- | TAO. TO: I T 











— (‘9 oL8 9% sIMOY 7G) 4809 YIU snUAITY 


‘ajduieg jo uorydiioseqy 


*(—)9[Mser oatyedou = 
INo][oo UI esueyS ON (+) 4[MSeT 9ATty 
-isod = 9ousdserony maorjeA ystueers) 


—: (‘2 LEIBsINoY FF) 9894 YIOIG per[eIyNEN 





seo Yoo Ul OUT] UY} e[qnop oy] 





‘SULIV] OSVMOS SNOMCA ULOIZ PoUleyqo squenpyo puv oSvaos Jo sodures snosoumMuU jo UOI}eUIUeXO [eOISOTOLIEJORG 94 
JO S}[MSeI oY} ‘s3S0} ,, SVX) ,, (F) pue ‘ sousdosods stprytsequa ‘g (g) 5 ypu snuywy (g) ‘ yjoIq pot [euNoN (T) OY} spavBor sv SuLMOYS ATAV T, 








Me) 
(N ee 





- + 








- + 


‘9°9 SE yAIA\ Q[Nser OATZVSOU ‘prvpuey 
FAL 4 ! prepurys 





























| 
+ + + + + + | 





I 
au 


i} 
ce 





+ 








+ 


(oo 22PT 141M. qnser aATyvsou ‘prspurys) 


Tost Amp His 
quenyye [eULy 
‘Tobt Ame wae 
quenyye [euLy 
‘TO6T Aine YG 
quonytyo [vuLy 
‘To6T Aue uye 
quonpye [euLy 
To6I Ane WF 
quenyye yeuly 
‘TOT Aine WF 
quenyye [vu 
‘TO6T ARE UIF 
quonyye [eULy 
‘Lo6I Arne pag 
quenyye [Vu 
“LO6T ATue pus 
quonpyye |BVuly 
‘1O6T CUNL Pury 
qUeUTyo [VULT 
‘TOL EUNL YI6T 
quonyye [Bulg 
‘LOGI EUNL 4I6T 
quentye [euly 
‘L061 [dy 48T 
quonpye [Bulg 
‘L061 [May 48ST 
JUInTYs [etoeuer) 
‘LO6T AINE U9FG 
ISVS OPNID 
‘1061 Aue pugs 
QOVMOS OPNID 


' 
1 
‘ 


. 
’ 
' 





“HIE 
‘a PTE 
"A PIE 
‘a Fe 
‘D PIE 
‘d PIE 
‘V Ie 
rats 
rats 
L08 
C08 
#08 
L¥G 
97% 
"V 928 
“V &ZE 


7U0I—UIB J OSVMIG dureg JOYsIeply 











Aya ih aka) jp aa. 
100. | T0- I. I 


0°0 
1000- 


ad 
T0000: 








“C5 0G 78 SImoy ¥Z) 
SOIN{[ND ,, O1BYS ,, SUT}vIOS UT ,.8BX),, 





oIqo1w@ue ut 
8 WleT) Soueso.ods stprytteque “g Jo serodg 








wee 
pane fic} ania 
= + | = mt GO & 
- bet 
- = + 
= af =a =e ce 
- + = SHR 
= 3 ap bis 
pa ~ = Sa 
- + + 
- - + 
= + = + , 
a + a =f at: 
- + *p10001 ON 
- + *‘p10de1 ON 
- + + 
- + + 
(‘o’o 94 ugIM 4[Nset oAT}eSOU “prepueys) (o’o 29E yQI J[Nsed oATJVSOU “pIepueys) 
"0°90 "O20 6] OD. | 20"De} 2020} 0° 0°9 aya): || aa) |e Maya) |e Roza ip te 
10000- | 1000. | T00- | i0- I. I 10000: | 1000- | T00- | TO- I. T 
fz) 


‘(emmgpno yyTu 
<< STUBYO *“ SIPTFTIO}UO ,, 


q[nsol oatyesou ‘asuvyo a[qISTA OU IO 
ary = *(- 4) eaTyVsou ATLOYA\ JOU 4NSAL 
‘gopo ou quq Aqrprow yourystq = *(+) 9TNs 
-o.1 OATzISOd “Joo pIfOs pus plow su014g 


(“9 Le 7B soy 7B) 980} YUE snwUyVT 





‘panurjzwoo—'o® ‘84804 ,, SBE) ,, (fp) pure ‘souieSosods stprytaejue ‘g (g) { y[lUr snuUrTyT (Z) + YIoIq por [eIINEN ({) 2 


“999 | ‘oro | *0°0 
10. I: if 


10000- 


1000- 


0°0 
100: 





: ‘(—) qmsor oatqesou 
= Mo[oo ul asuvyo oN *( +) 9[NSEL OAT} 
-1sod = ooueoseiony aropjeA Ystueeth) 


—:(° LE Ye SIMOY FZ) 189} YIO1G por [VANS NY 





‘otdureg jo uordrosaq, 


Y} spreSor se SUIMOYS TIAVL, 


et 


207 














































































































"1061 Tudy w08 


BSVMOS [919909 


‘LO6L IAW WALT 


@SCALBS P2T}}9G 


F9G 
67% 


HOVMAS WVHONTALLY 


“L061 


“LO6L AINE prs] 
quen ye [Be.1ete +) 
TO6T Ane pres 

queen yo [eUly 
1O6T ANP pugs 

qUON ye [e19ue+) 
[np puzs 

quonpye [BU 

‘L061 ATMLE YI6T 

quonyyo [ea 

‘TOT AME YI6T 
quonpyyo [BIOUI*) 
‘TO6T Ame UIST 

quonyyo [vu 

‘LO6T ARP WAST 
quent yo [v1auesy 
"LOGI AINE WILT 

quonpye [VULy 

‘LO6T ARE WILT 
qguenpye [e1ouesy 
“1061 Ane WOT 

quanyyo [BU] 

“TO6I ATue YICT 
quonyye [v.teue yy 
"LO6T ATE UIT 

quenpye [VULyy 

"LO6L AINE WIST 

quonyye [eu 

“LO6T AML WZI 
quoenpye [e1eues) 
"LOGT Ane YITT 

quonyye [eat 

‘TO6T Arne ITT 
quonyye [e19ue+y 
"LO6T Ajne 496 
quent ye [e1eu04 

“LOGI AINE TOT 

quonyye [VUuLy 
"LOST Aine 496 
quonyye [e.19ue+) 
‘1061 Aine 496 

JUN Ye [eur Ge 


‘V VEE 
VE 
"d 868 
&GE 
‘D B68 
"d GCE 
GSE 
“"V G68 
1G& 
"V 06S 
‘D 61€ 
'V 6I€ 
61€ 
“A 8Té 
“a 8g 
‘a 81g 
‘D sie 
"V 8ié 
8Té 
‘V LI€ 
LTE 


208 





‘TOGT OUNL Y9ZzT 
rs es a at 862 
"LOST SRn Pr aiot 

Gh bal | nad odes 8S) L6G 
“TO6T OUNE UITT 

Poe aes Leahy 966 
“TO6T GUN YFTT 
WBMES OPNID C6S 


(‘unpdsy Aqunog Aq.10q) 
‘WUVYA ADVAMAG AAAOTTAOIN 


‘ 
. 


- * - 


= - - 





. = “ 









































"L06T AvP WI8z 

quenpye |VUuly L8G 
"L061 ABN YICT 

quonyye [eur 08@ 
"LO6T AvP WIET 

quenpye [eVuly 8LZ 
‘L06T AW 4483 

QSVMIS OPNID C8% 


TO6T AVN WET 
OSBAOS OPNID LLG 


?WUVQA AYPVMAG AWISUOM 





















































































































































| | | ) "1061 AVI 4ST 
sat ie! “pl009I ON Se ores | - - - quonpye [euly L9G 
| | TO6T TedW Y9LT 
- \~ Soke - —% Oe = eae at - - - quenTpye [Bury ISG 
| | : | TO6T [dy WILT 
= ae = = = heey = = = quSnpye [vuLy 09G 
+ | | . “TO6T Tad Wor 
3 tet = a ae aid! tae ee ee OL quonye [euLy SE 
| | TO6T THA 1108 
a / bey ak, ee || - = +: onbry woosey puoosg 99% 
| | “panury 
(oo %F YQIA\ y[nser oaTZeSouU ‘prepueyg) (‘o'o SE yqta. 4[nser oalyesou ‘prey ue4g) (‘oo 294 YAIM 4[nser eatyeSou ‘prepueyg) | (*o°o °°87 yqia 4ynser ealqesou ‘piepueys) | -woo— wieg oaseaog weyoULg[y 
a z a 7 iS : < £2! = ae a 
| | 
0°0 O°) | °0°9 | *0°O } *0°D 0°90 0°90 “9° Il -om|- 9% | “at | “o7p 0°0 ot) eased ato hal capone! alk ae) ae oa ee P| rete “ae 
TO0000- | L000: | 100° | 10 I. T T0000. | 1000.) TO0- | TO- I. T T0000- | T000- | TOO. |} TO- IT I TO00C0- | TOCO- | 160. 10: ic Te 
ed ‘ajdmeg jo uordrioseq 
q[Nsei vaTyesou ‘osuvYyd VIGISTA OU IO s 
epary ‘(- 2) eamesou AT[oYA Jou 4ynser *(—) q]mser aatyesou 
‘(9149 ‘Q0]79 ou gnq A7rprow yourstq = *(+) 9yms = Ino]Oo ul esuByo ON (+) “4[NSer 
(‘2 03 78 sInoY FZ) YIU oIqolwue Ul ,, osURTO SIPI9LISqUO ,, -81 9aTzISOd ‘JoJo pljos pu plow Suo149 ealqisod = sousoseiony AoTjeA ysTusets) 
SOIN}[MD ORVYS,, OUIIVIES Ul ,,S8BX),, | S Ula y)seuesolods siprytsequs “g jo sa1odg | —: (‘¢d LE 9B sINOY FZ) 4804 [IM snwyArT | —:(‘O 1g 7% sinoy FZ) 4809 YQOIG por [VINE N, 
{ 











‘ponuazwoo—ow ‘sqH04 ,, 8H) », (7) Puw {soueSor0de sipyuoqme “g (g) {ypu sum] (g) { yyouq por TeIIMONY ({) OMB SprBdor sv FULMOYS AIEVA, 





~y 


ge eae 


a Te 


es v 


' ie : 
, ssstonpanines i tt erent fae ok aa Se EIN Bie 
shah ah °: e ; nS 





tie ess wish naire ‘aah Ne at woe 


Esa 
yb ola ae 


PFE RR eT A Fe pre AY 


BRAK pA EEN AE 


the horizontal black line in each case refers to a provisional standard . 


Bears 
S35 ks 
ERT 
au 

ig fp 
ay | 
eg 2 
ge 48 
Tiel 
tse) 
s 8% 
i 
a ag | 
ie 
hat 
aS} 
‘+ : 
ay : 
+3 Ay 
deo: 
re : 
gs F 
oa 3 
si. 8? 
recy 


Diagram showing as regards the (1) neutral red broth; (2) Utmus milk ; (3) B.enteritidis sporogenes ; & (4) “gas” tests the 
fe of the bacteriological examination of samples of sewage & of effluents from Rugby , Aldershot Camp, Altrinchany, 


Worsley & Derby County Asylum sewage farms . 
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APPENDIX V. 


Showing the results of the bacteriological examination of average samples (24 


hours, collected hourly) of Beddington, South Norwood, Aldershot Camp, 
Nottingham, Leicester, Rugby, and Cambridge sewage. 


During the early part of 1902 Dr. McGowan arranged for the collec- 
tion of average samples (24 hours, collected hourly) of sewage from the 
above mentioned places. ‘These sewages he proposed to examine by special 
chemical processes in order to elucidate some problems of importance from 
the chemical and practical points of view. The mode of collection of the 
samples and other factors of interest are dealt with fully in his report, 
(Part II., Chemical Report) and so need not be repeated here. Bacterio- 
logically considered, the samples were of less value, but it was thought 
desirable to examine a number of them in order to obtain parallel chemical 
and bacteriological records. 


The tests employed for this purpose were as follows :— 


Total number of bacteria ae ane a0 A 
agar at 37° C. 


Number of B. coli. 

Indol test. 

B. enteritidis sporogenes test. 
“Gas” test. 

Bile salt broth test. 

Neutral red broth test. 


All of these tests, however, were not made use of in the case of every 
sample. 


The results are set forth in the appended table and diagram. 
The following is a brief summary of the result :— 


29 samples were examined in all: 7 from Beddington (crude sewage) : 
7 from South Norwood (settled sewage) ; 3 from Aldershot Camp (screened 
and settled); 3 from Nottingham (screened, mixed with crude); 3 from 
Leicester (screened and settled) ; 3 from Rugby (screened and settled) ; and 
3 from Cambridge (screened aiid settled), 


As regards the Beddington samples the number of bacteria per c.c. was 
on the average over ten millions but under one hundred millions (gelatine at 
20° C.) and over one million but less than ten millions (agar at 37° C.). The 
number of B. coli and indol producing bacteria was usually at least 100,000 
per cc. One sample examined as regards the B. enteritidis sporogenes ; 
“gas”; bile-salt broth; and neutral red broth tests gave the following 
results :— + 7p ©-C.; + roo CC. 3 + rocbun CC. respectively. 


The South Norwood samples yielded somewhat lower results as regards 
the total number of bacteria. The number of B. coli and indol-producing 
bacteria varied from 10,000 to 100,000 per c.c. The B. enteritidis sporo- 
genes test with one exception gave a positive result with yo55 cc. The 
“oas” test with one exception gave a positive result with ;35 ¢.c. The bile 
salt broth (in every case) and the neutral red broth (usually) gave a positive 
result with pogo ©.¢. 


As regards the Aldershot Camp, Nottingham, Leicester, Rugby, and 
Cambridge samples the results may be summarised as follows :— 


Usually the number of bacteria per c.c. was over ten millions (gelatine 
at 20° C.) and over one million (agar at 37° C.). The number of B. coli and 
indol-producing bacteria varied from 10,000 to 100,000 per cc. The 
B. enteritidis sporogenes test usually gave a positive result with z}o to 
tooo ¢-c. and the “gas” test with ;) to zéy to typ cc. The “gas” test 
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yielded low results with both the Aldershot Camp and Leicester sewages. 
The bile salt broth test always gave a positive result with yoon00 ©¢- and 
the neutral red broth test with from zodp5 tO rovo00 ©¢- 

This opportunity may be taken to point out that domestic sewage and 
mixed sewage, when the trade refuse is not of such amount or quality as to 
alter materially the biological qualities of the mixed liquid, commonly 
give bacteriological results as follows -— 

Total number of bacteria (gelatine at 20° C.):— More than ten 
million, but less than one hundred million bacteria per c.c. 
Total number of bacteria (agar at 37° C.) :—More than one million, 

but less than ten million bacteria per ¢.c. 
B. coli (and closely allied forms) :—About 100,000 in 1 c.c. 
Indol producing bacteria if % 
Spores of B. enteritidis sporogenes :—100 to 1,000 per c.c. 
“Gas” test :—Usually a positive result with 7} to too ©-¢- 
Bile-salt broth test :— 
Neutral red broth test :— 


The average samples above described yielded bacteriological results 
agrezing closely with this general statement. 


} Usually a positive result with , 97000 C-¢- 
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Diagram showing the results of the: baeter tologica examina 
of Samples t Beddington, South Norwood, Aldershot Gur, Nottingham; 
Leicester, Rugby & Cambriage Sewage. 
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_ Tasie.—Showing the results of the bacteriological examination of samples of Beddington, South 
: Norwood, Aldershot Camp, Nottingham, Leicester, Rugby, and Cambridge Sewage. 








































































































































































Total Number of “ Gas” test 
Bacteria per ¢.c. | Number Minas ath iG erteritidis Soe in Bile-salt Neutral red 
| indol in gelatine 
DESORIPTION OF THE SAMPLE. ), age broth cultures| sporogenes | “shake” Droth taxg broth test 
- mM B. coli 5 days at é cultures (2 days at 2 days at 
Gelatine | Agar at ee 37°C. test. Peri wie ase ( si 
ago Cusp a37° CO. eo 20° C. -) 37° C. 
. L Ee DNS = en 
| 
443. BUDDINGTON crude sewage, average | 22,400,000 | 1,968,000 | 100,000 sell aes er pany 6) z a 
24 hours 100,000 
. 1/1/02. | 
’ | 
444, “ £ , 32,500,000 | 2,880,000 = - si 2 | ei a Ee 
2/1/02. | 
445. . . i 18,200,000 | 2,810,000 | 100,000 3 if = = 28 a 
8/1/02. 
446, $ Se ; 27,400,000 | 5,960,000 | — 10,000 wnat. hee ED tently es 
4/1/02. 
447. 3 x A. 13,100,000 | 840,000 | 100,000 . as ke 2b Se pe = 
5/1/02. | 
448. ” ” i 13,600,000 | 1,120,000 | 100,000 y is a Ee ps a 
6/1/02. 
449. ai 7 7 Cpt a ke = EP oe 
. 7/1/02. ” ” ” 100 aa 1,000 c.c + 100,000 
1 1 I 1 1 
453. SouTH NoRWwoopD, settled sewage 8,900,000 430,000 100,000 ce eC CG. C yp ot C.Cs Se Nt), ey 
average 24 hours. Be Zest j H © 100,000 1,000 41.100 iy 100,000 100,000 og 
11/1/02. 
454. ish Waid di rp 9,900,000 | 380,000 | 100,000 ; » é - hs f £ i al 
| 1 1 
455. ; , 14,200,000 | 760,000 | 100,000 SONA teas é 2 ¥ ‘ i Bt RE Goud 
16/1/02. ” : : y 2 10,000 : : ; 10,000 
1 af 
* ’ ? =, ©.C. Sea a 
¥ 17/1/02. 5 6 ” 8,700,000 | 1,860,000 10,000 a 9 ’ + 10 ” ” iou,000 c.c 
; a 1 
- ; 100 000 ay j ” == Cre : Scan 
4 ehioe 4 . 2 5,600,000 | 630,000 00 ; ” a 100 ” ? 10,000 Shu 
1 it 
- 19/1/02. ” ” ” 5,700,000 | 1,640,000 10,000 ” ” aos 00 c.C ” ? ” ” 100,000 c.c. 
. 
459. ' X 7,400,000 | 1,360,000! 10000! , 4 |+ 00 c Paling f eee Art 
20/1/02. ; 
| | 
1 1 i 1 
460. ALDERSHOT CAMP screened and | 28,400,000 | 4,100,000 10,000 | + = ¢.c. | +—— Ge.| + = ae, a + —— oe 
| settled sewage, average 24 hours. ‘ure if aed f saa 1,000 10 100,000 
28/1/02. 
uf 1 | 1 1 1 
—— ¢.C, ewe ae PES Pr AES 
462. 29/1/02. ” ” ” 17,100,000 | 2,230,009 | 100,000 | + 100,000 | + Jog &e- 10 °° fF 100,000 °° + 10,000 °¢ 
LD A oy ee 1 
464. Pas # * 33,400,000 | 8,830,000 | 100,000 | + 49 99% + zOGVee | + Gpee zs ss 5 
; 1 1 1 1 
466. NOTTINGHAM screened (mixed crude) | 10,900,000 | 1,330,000 100,000 PE Gent as Cine. t=" cic aaa tl 
oe sewage, average 24 hours. iin 33 Ph 100,000 100 100 4 100,000 100,000 
2/2/02. 
1 1 
467. ? D as | a= ria == + c.c 2-2 iG 
3/2/02. , ; i 1,000 * F000 mY i 
| : 
1 
, ; ; — — Sp i acres 
4/2/02. ; : ¥ = 100 2 ” ” 
1 ih 1 1 
. LEICESTER screened and _ settled | 16,000,000 680,000 100,000 =e. OC, | BG PE! Slee, | + 1 
iw sewage, average 24 hours. Sa ‘ ; 100,000 1,000 10 100,000 ti 100,000 
11/2/02. 
P, i i 
470. 12/2/02. ” ” ” 10,200,000 1,020,000 10,000 70,000 c ” ” | ” ” ” ” ” ” 
: - £ a 17,500,000 | 2,160,000] 4, 4 re ebee pate ve Pe Pye Pole 
13/2/02. | * 10,000 
{ 
1 1 i a 
72. Ru@BY screened and settled sewage, | 20,400,000 | 1,860,000 100,000 a — ¢.¢, poe fea teh pel 
average 24 hours. oN me i ade 400,000 °% 1 *. Foo %° | + 799 %°- | + T99,000 %% | + Tog n09 e: 
18/2/02. 
ah 1 1 
73. é " P 26,200,000 | 1,780,000 | 100,00} , 4 j|+i00%%| , , 1 to000. 
19/2/02. 
3 1 1 
4, 5 ae * . 29,900,000 | 2,860,000 10,000 | + io990 &¢ ¥ - & *, 4 + 06,000 °° 
F 1 1 1 1 1 
75. CAMBRIDGE screened and_ settled | 13,500,000 | 1,360,000 | 100,000 ane B22 0,00 ee eae ere. emt Precaate 
| sewage, average 24 hours. Ti ot ; 100,000 * 300 100 * 700,000 °° | + 700,000 °° 
25/2/02. 
i 
76. 26/2/02. ” ” ” ae - tea aE a 10,000 C.c. ” ” ” ? ” ” 
oi 1 
Ee ‘ie ar hw or = ———— €.C, ” ” ” »” ” ” 
27/2/02. ” ” ” 
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APPENDIX VI. 


Showing, as regards the neutral red broth test (a) “ ordinary,’ and (b) “spore” 


curves: and the indol test (a) “ordinary” and (b) “ spore” curves, the 
results of the bacteriological examination of 25 samples of sewage and 
effiuent. “vie , 

The appended diagram explains itself, but it may be as well to point 


out that neither the neutral red broth nor the indol tests are speczic tests 


for B. coli. There are, in sewage and effluents, sporing bacteria which are 
capable of yielding positive results with both these tests. As, however, the 
spores, when compared with the enormous number of coli-like microbes, 
are very few in number, it is found in practice that if the smallest amount 


of a sewage or effluent capable of yielding a positive result with these tests 


be determined, the presumptive evidence in favour of coli-like microbes 
being responsible for the change (positive result) is apt to be of a strong 
kind. It is true that some bacilli (other than B. coli), as well as the spores 
of bacteria, have been credited with ability to yield a positive result with 
either or both of these tests. But in sewage and effluents, these microbes, 
probably inferior in numbers to B. coli, are always accompanied by coli-like 
microbes, and are themselves no unreliable index of the biological qualities 
of a sample. Indeed the neutral red broth and indol tests, as tests, are of 
real value in the bacteriological examination of sewage and efiluents, apart 
altogether from the precise interpretation to be placed on the results, in 
relation to the particular microbes concerned in producing the change 
(positive result) observed in the media employed for these processes. For 
a negative or positive result in relation to the amount of the sample used 
for cultural purposes is a most useful index of the relative state of purity 
or impurity, as the case may be, of the sample, apart altogether from the 
vexed question of the identity of the microbes concerned in the process. 

As a matter of fact, allowing for experimental error, which in 
bacteriological processes is apt to be not inconsiderable, the broad parallelism 
between the neutral red broth, indol, and B. coli tests is striking. This 
correspondence is shown incidentally in the appended diagram, although the 
experiments were not primarily carried out to demonstrate this point, which, 
indeed, is borne out by other records much more numerous than those here 
presented. They were intended to show that there is a wide difference 
between the (a) “ordinary” and (0) “spore” curves of the (1) neutral red 
broth and (2) the indol test. In other words, that the “spore” curve runs at 
a much lower level than the “ordinary” curve as regards both these tests. 


‘These results might, perhaps, have been anticipated from my reports made 
_ respectively to the Local Government Board and London County Council on 


the bacteriology of soils and sewage. In these reports it has been shown 
that, on the one hand in soils the spores, both actually and in relation 
to the total number of bacteria, are very numerous; on the other hand in ~ 
sewage, the number of micro-organisms present as bacilli vastly exceeds the. 
number present in the spore form. 

It should be noted that the samples were in no sense “ picked” ones, 
but comprised 25 samples, received in ordinary course, which were 
consecutively examined for the above purposes. By the “ordinary” curve 
is, of course, meant the curve with the results obtained by carrying out: 


the test in the customary manner. The “spore” curve was obtained by 


heating a parallel series of cultures to 80° C. for 10 minutes, so as to 
destroy all microbes not present in the form of spores. sf 
_ The diagram shows in the most graphic manner that the bacteria, present 
in spore-form in sewage and effluents and capable of yielding positive results 
with the neutral red broth and indol tests, are far too few in number to lessen ~ 
the value of these tests or to influence materially the question of standards. 
Comparative bacteriology is an interesting and instructive subject, 
and has an important bearing on the present inquiry. It is, therefore, not 
out of place to point out that, whereas as regards the indol, neutral red broth 
and B. coli tests, sewage usually gives a positive result with yogyoo ¢-€., Some 
drinking waters yield a negative result with the bacterial contents of 100 ¢.c.. 
The standard suggested in connection with these tests as regards sewage 
effluents, namely, a negative result with tooo ¢.¢. (to qualify for discharge 


into non-drinking water streams) can therefore hardly be considered 
exacting, 





; SEWAGE 


DIAGRAM Showing the results as regards the neutral red broth 
(a) ordinary” &(6) &pore” curves ; & the Indol (a) “ordinary” &: (b) 

Sspere” carves of the Ea iseioal examination of 25 6 samples 
of sewage & effluents . [Itis to be noted in each case that the spore 
carve rans atamuch lower level. than the “ordinary” curre and 
never encroaches onthe line indivating the standard provistonally 


adopted 
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OSWESTRY. HALTON. 


S = Sewages. E=Effluents . Horizontal black lines = suggested standards 
for the neutral red broth, Indol & B Coli tests , t.e.,above or below 7000 per c.c. 


N.B. The light tinted columns reler to the ‘ordinary’ curve and the darker 
lunted columns represent the “spore ‘curve. . 


@-0—8 =Number of B. col. per cc. 
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APPENDIX VIL 


Showing as regards Klein's B. enteritidis sporogenes test and the virulence 
of the typically changed milk cultures, the result of the bacteriological 
examination of samples of sewage and effluents obtained from various 
sources. 


It has been pointed out in previous reports that the value of the B. 
enteritidis sporogenes test, as a test, does not necessarily depend on complete 
acceptance of the hypothesis that the microbe in question is causally related 
to certain cases of acute diarrhoea occurring in human beings, nor even on 
proof of pathogenic effect as regards rodents.* The test, as a test, derives its 
value from the fact that it enables the bacteriologist to draw a wide 
distinction between substances on the one hand to be thought of as highly 
objectionable, and on the other as of relatively harmless origin. For more 
than four years I have applied this test to the bacteriological examination of 
soils, soil “‘ washings,” waters of diverse sort, sewage and sewage effluents ; 
and the results of these prolonged researches have been placed on record in 
a series of reports made to responsible bodies. It seems, therefore, 
unnecessary to discuss here a fact which, in my opinion, has long since been 
satisfactorily established namely, that the’ B. enteritidis sporogenes test is 
one of the most useful bacteriological tests which we possess at the present 
time. Of course, in the interpretation of the results obtained, the exercise of 
some judgment may be required; but this is needed in relation to all known 
bacteriological tests. 


There remains now for consideration the vexed question of the necessity 
for inoculating animals with the whey of milk cultures showing the 
“enteritidis change.” 


_ In dealing with drinking waters, especially those not made the subject 
‘of routine examination, the advisability of moculating animals with the 
whey of changed milk cultures is undoubted. 


But, although a negative result obtained under these circumstances 
might weaken, it would not destroy belief in the presence of objectionable 
-contamination. This, for the reason that the “enteritidis change,’ whether 
accompanied or unaccompanied by virulence of the culture, is not met with 
in relation to cultivations made from pure waters and, on the contrary, 
the characteristic reaction is arways to be obtained in the case of waters 
‘polluted to any appreciable extent with matters of animal outcome. Never- 
theless, when drinking waters are under examination, the inoculation of 
animals is to be recommended. 


But, in dealing with sewage and effluents, the case is widely different. 
Here the liquids are known to be of comparatively recent intestinal outcome ; 
to be always potentially dangerous to human beings; to contain the spores 
of B. enteritidis sporogenes in abundance, and to produce in anaérobic milk 
cultures for spores the characteristic change (‘‘ enteritidis change ”) associated 
with the presence of this pathogenic anaerobe, the whey of which typically 
changed cultures being commonly virulent to rodents. It is true that the 
“enteritidis change curve” may run ata higher level than the “curve of 
virulence ;” that is, that the last milk culture (highest dilution) yielding the 
“enteritidis change” in a series of dilutions may be non-virulent, and 
virulence only be found in the next milk culture lower down in the scale of 
dilutions and therefore containing more of the liquid under examination. 
But Klein’s “ enteritidis change” in anaerobic milk cultures for spores is 
always, in my experience, of “pathological significance” in the case of 
sewage and effluents ; and I do not regard as of vital importance the occa- 
sional lack of parallelism between the ‘enteritidis change curve” and the 
“curve of virulence.” The actual facts are these, namely, that the higher the 
“enteritidis change curve ” (i.e., positive result in higher dilutions as shown 








* For convenience, the term virulence is used to indicate the death of the rodent within 

48 hours of the inoculation. When the rodent, although affected by the inoculation, survived 

for 48 hours, the term pathogenic is applied to this condition. But this distinction is obviously 
- arbitrary. | 
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by length vi column in the diagram) the more impure will the sample be 
found to be when judged by other biological tests of proved value and also. 
the greater will be the “ pathological significance “of the sample; inasmuch 
as if the milk culture yielding positive results be inoculated into rodents, the 
“eurve of virulence” obtained from the results of the inoculation of rodents 
is likely to be a high one and to be approximate to, if not run parallel with, 
the “enteritidis change curve.” The above remarks, be it noted, apply to 
domestic sewage or to mixed sewage when the admixture of trade refuse is 
not in such amount as to alter seriously the biological attributes of ordinary 
sewage. It is not contended that in exceptional cases, or even occasionally, 
animal inoculation experiments are not important, but only that this 
procedure is not necessary in ordinary routine work with sewage and sewage 
effluents. It must needs be remembered that for each sample at least four 
milk cultures are made and that in the course of a year hundreds of samples 
are examined. | 


With the object of showing how far these contentions are borne out 
by the results of actual experiment, 25 samples of sewage and efiluents were 
tested as regards the “ enteritidis change curve” and the “curve of 
virulence.” The “enteritidis change curve” was obtained by inoculating a 
series of milk tubes severally °1, ‘01, 001, 0001 c.c. in the case of sewage; 
and 1, ‘1, 01, ‘001 cc. in the case of effluents. The milk tubes were after 
inoculation heated to 80° C. for 10 minutes, then placed under anaerobic 
conditions and incubated at 37° C. The results as regards the “ enteritidis 
change” were noted on the 2nd day (see columns in diagram). 


The “curve of virulence” was obtained by inoculating subcutaneously 
rodents with 2 c.c. of the whey from the typically changed milk cultures. 
(dotted line in diagram). These results are shown in the appended diagram. 
It is specially to be noted that the samples were consecutively examined for 
the above purpose, and they were in no way picked ones. 


The diagram explains itself, but here the actual results obtained may be. 
briefly noted as follows :— 


In 96 per cent. of the cases, either a virulent or a pathogenic effect was 
produced by using for inoculation purposes whey from the culture containing 
the smallest amount of the sample (highest dilution) yielding the “ enteritidis 
change” in milk cultures. 


In 92 per cent. of the cases, death occurred within 48 hours, either when 
using the highest dilution cultures yielding positive result or a culture 
lower in the scale of dilutions. 


In 60 per cent. of the cases, the “ enteritidis change” and the “ curve 
of virulence” were identical. 


These results do not lend countenance to the view that the habitual 
inoculation of rodents in routine work is either necessary or wholly 
justifiable 





SEWAGE 


DIAGRAM showing as regards (7) Kleins enterttidis change eae 
anaerobic milk cultures for sporting bacteria (B enteritidis sporo- 
genes test) & (2) the virulence of the typically changed milk cultures 
the results of the bactertological examination ol sumples of sewage 
& efflaents obtained, fram various sources. the Oca Ee 
Caterham & Slaithwaile samples represent bactertal processes of 
sewage treatment & the South Norwood samples , land treatment. 








Se = Sewage, Ef = Effluent, S$.1. = Septe Tank. 


The samples were not inany way picked” ones But represent 25 
samples consecutively examined for the above purpose 
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In 96% of the cases etther avirulent or else apathogente erect was 
produced ustng for urocutation purposes the smatlest amount of the 
s le (highest dilution ) yielding the _ enteritidis change uvmuilk culture. 
Tre 92%, of the cases death occurred within 48 hours , either wher ustig 
the highest dilution culture, or else a culture low er wre the scale of dilutions. 

In 60%. of the cases the enteritidis change curve and the curve of rtrutlence 
were tdentical. 


Represents the enteritidis change In anaerobic milk 
cultures {(_B. enteritidis sporogemnes test ). 


@ 6 @ Represents the virulence of the resulting cultures Death 
of rodents within 48 hours (death usually supervened 
within 24- hours ) after yet subcutaneously of 2 ce. 
of culture showing the enteritidis change sf 


ae The] c.c. culture” did not kill the rodent, but judgurg trom 
the other results, tf a 10 c.c. culture had bcen avarlable 
ttprobably would have proved piralent . 


died The rodents did not die within 48 hours but suffered 
- from floating belly "&ulceration of the abdominal wall. 


WP. = Non pathogenic. Pn.V.= Pathogente not virulent 
(wecapathogente effect was produced but not death mihi 
48 hours ). 
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TO THE 


ROYAL COMMISSION ON SEWAGE DISPOSAL 


ON 


LAND TREATMENT OF SEWAGE. 








PART LY. 


ENGINEERING AND PRACTICAL REPORT 


BY 


Mr. G B. KERSHAW. 








Notr.—These Reports to the Commission on Land Treatment of Sewage 
are published in four parts, viz. :-- 


Part JI.—General Report by Dr. G. McGowan, Dr. A. C. Houston, 
and Mr. G. B. Kershaw. 


Part II.—Chemical Report by Dr. G. McGowan. 
Part III.—Bacteriological Report by Dr. A. C. Houston. 
Part I[V.—Engineering and Practical Report by Mr. G. B. Kershaw. 





EXTRACT FROM THE FOURTH REPORT OF THE ROYAL 
COMMISSION ON SEWAGE DISPOSAL. (1904. Co. 1883). 


28th December 1903. 


“We have considered it desirable to publish, at this stage, the results and informa- 
tion which have been obtained by our own officers in regard to land treatment of 
sewage and methods of analysis, but we shall defer reporting on these matters until 
our investigations, which are now in progress, in regard to other methods of sewage 
treatment, are completed.” (Paragraph 117, page xliii.) 








LAND TREATMENT OF SEWAGE. 


PART IV. 


ENGINEERING AND PRACTICAL REPORT 


By G B. KERSHAW. 
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ALDERSHOT CAMP SEWAGE FARM. 





. Situation of farm :—Ash Vale—close to camps. 

. Total acreage of farm :—138'5 acres. 

. Total irrigable area :—120°5 acres. 

. Average area irrigated at one time :—About 40 acres. 


Population draining to farm :—20,000. 
Population per acre irrigated :—166. 


. Gallons of sewage per head per day :—50. 
. Dry weather flow of sewage per 24 hours :—1,000,000 gallons. 
. Gallons of sewage (exclusive of storm water) treated per acre per 


24 hours :—24,900 = (2%). 


. Gallons of sewage treated per acre per 24 hours, on the assumption that 


each acre of irrigable area is under sewage ail the time (this for 
purposes of comparison) :—(1%0%) = 8,300 gallons. 

Characters of the sewage :—Purely domestic. 

Method of treatment :—Screening, settling tanks, and land filtration. 

General characters of the soil and subsoil :—Sand. 

Separate or combined sewerage system :—Separate. 

The final effluent is discharged into :—River Blackwater. 

Number of years farm in operation before 1900 -—36 years. 
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ALDERSHOT CAMP SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS, e 





DESCRIPTION OF FARM. 


Addendum A. Notes on Samples :— 
Table I. Showing ail samples drawn at the Aldershot Camp sewage farm, together with 


time of drawing, rainfall, temperatures, description of samples, ete. 


Table II. Giving area of plots from which effluents were drawn, and the time those plots 


had been under sewage, ete. 


Table III. Corresponding effluents. 
Table IV. Comparative samples. 
Table V. Sewage samples. 


Additional Notes on Samples. 


Addendum B. Plans and Diagrams referred to in Report :— 


. Plan of farm showing under-drainage, 


. Plans referring to river samples, and section of Bagshot Sands. 
- Plan and sections of Stanhope Lines settling tanks. 


Bs Wellington 
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9) 
. Detail of screening arrangements, and carrier junction blocks. 
- Detail of main effluent outfall chamber. 


- Diagram showing hourly variations in the sewage flow over settling tank’s cill—. 


(Stanhope Lines). 


. Plan referring to Northern extension of farm. 


emperature and rainfall chart (first visit). 
(new land). 


. Temperature, rainfall, and humidity chart (third visit), 





ALDERSHOT CAMP FARM. 





(Domestic Sewage.) 


The soil of this farm is of a sandy nature, and the sewage, which is 
purely domestic, is treated by means of screening, settling tanks, and land 
filtration. 

The soil and subsoil under irrigation belong to the Bagshot series (Lower 
Bagshot), the soil of the entire farm being almost pure sand originally; a 
little gravel occurs in the subsoil in parts (Add. B, II). The sand is very 
fine, and has a tendency to “pug”*. Ata depth of from 2 to 4 feet a layer 
of “pan” or sand cemented together with iron oxide occurs. This stratum 
is for all practical purposes impervious to moisture, and was at first a con- 
siderable source of trouble ; it has now, however, in great measure been 
broken up by the process of underdraining to be alluded to presently. There 
is now a surface soil varying in parts from 4 inches to 12 inches in depth, 
produced entirely by means of sewaging and ploughing in sludge in- 
corporated with farmyard manure. 

This farm has been in operation 36 years (since 1864). The land is 
not liable to floods. Up to the year 1880 the sewage was satisfactorily 
disposed of. From 1880 to 1894 it is stated to have been mismanaged. 
Since then it has been well managed, and is now in good condition. 

The average dry-weather flow is about 1,000,000 gallons per 24 hours. 

The population varies somewhat, being larger in the summer. <A bout 
20,000 would be a fair average for the whole year. 

The water consumption per head is large. W.c.’s are used. throughout 
the camp; there are no privies. 

The sewage treated on the farm is derived solely from the camps. 

The streets sewered are without exception sand and gravel. 

The sewerage scheme throughout the camps is almost entirely on the 
separate system, roof and surface water passing off by means of open concrete. 
surface channels carried round the various blocks of buildings and discharg 
ing into a watercourse named Smallshott Bottom, which skirts the farm and 
runs into the river Blackwater a short distance below the effluent outlet. It 
should be here stated that the nature and position of the military buildings. 
render the separate system much easier of design than would be the case in 
any ordinary town of the same size where the rain water from the back-yards 
and half the roofs usually drains to the foul water sewers (even in most so- 
called separate systems). In the camps the street gullies are connected to 
the separate system, consequently in heavy rainfalls the sewage flow delivered 
on the farm. is not materially interfered with, the volume on one occasion 
(30th June 1901) during a rain of ‘75 inch in 4 hours only reaching a rate 
of flow for 3 hours of 1,500,0c0 gallons per 24 hours, or a 50 per cent. 
increase. 

It is necessary to keep the fact of this general exclusion of surface storm 
water from the sewers carefully in mind, as it has an important bearing on 
the working of the farm and renders it in a manner exceptional. For it is 
generally recognised that one of the chief drawbacks to admitting rainfall in 
any quantity to the foul water sewers, is the sudden changes of volume 
which are so troublesome to deal with at the Outfall Works. These sudden 
increases in flow, too, may take place during the night and early morning, 
when the workmen are absent, and there can be little doubt that they 
largely increase the chance of over sewaging parts of the farm and of sewage 


escaping insufficiently treated. 


The average annual rainfall at Aldershot is 22 inches. The entire 
volume of the sewage gravitates to, and is distributed over the farm by gravi- 


tation. 
The present sewerage system appears to be in good condition, and the 
subsoil leakage to the sewers in wet weather is clearly not great. 


* By “pug” is meant a tightening of the surface sand and consequent obstruction to filtration. 
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Four main outfall sewers convey the sewage to the settling tanks on the 
farm, viz., the Stanhope Lines sewer, the Marlborough Lines sewers (two), 
and the Wellington Lines sewer. 

The Marlborough Lines outfall consists of two lines of sewers, a 15- 
‘nch anda 12-inch, both being laid at a gradient of 1 in 700, and having a 


combined capacity when running full of 246°6 c.fim.* Both of these outfalls | 


formerly discharged separately into the Old Marlborough Lines tank; during 
recent alterations however (1900-1901) these two sewers have been merged 
into one on reaching the farm and deliver into the New Marlborough Lines 
tanks lately constructed on a lower portion of the farm. 

The Stanhope Lines outfall is a 15-inch pipe sewer with a gradient of 1 
in 400 and a capacity when running full of 210 cfm. The outfall delivers 
into the Stanhope tanks situated about 100 yards to the north of the farm 
premises. | 

The Wellington Lines sewer is the high level outfall ‘and consists of a 
12-inch pipe sewer, passing under the Basingstoke Canal by an inverted 
syphon just before entering the farm, and delivering into the Wellington 
tanks about 120 yards to the S.E. of the farm buildings. The sewage from 
the Wellington Lines takes about 24 hours to reach the farm, that from the 
Stanhope and Marlborough Lines, under an hour. The average distances 
travelled by the sewage from the above lines are 14 miles and ? miles 
respectively. 

Consequently the sewage arrives on the farm in a very fresh condition— 
an important matter so far as efficient screening is concerned, as the feces 
and paper, etc., have not become disintegrated, and are therefore much 
more easily screened. 

There are three sets of settling tanks in use, all being worked on the 
continuous system, each pair of tanks being provided with a fixed bar 
screen or grid through which the sewage passes prior to entering the 
tank. These screens are formed of }-inch galvanised iron bars, 32-inch to 
23-inch apart set at an angle of about 45° to the flow of the sewage. They 
are cleaned off every hour or so (Add. B, V.). About two wheelbarrow 
loads of screenings per tank per day are produced and deposited on the 
sludge beds. 

With regard to the sewage from the Stanhope Lines, it may be here 
mentioned that it contains a good deal of sand, and therefore before being 
screened it passes through a deep grit or detritus chamber, the object being 
to deposit as much as possible of the mineral matter. This chamber requires 
cleaning out on the average about once in six weeks, from 5 to 8 tons being 
removed, according to the volume and nature of the sewage. 

With the exception of the above-mentioned grit chamber the sewage is 
treated on precisely similar lines at each set of tanks. On passing through 
the screen the sewage flows into the settling tanks. 

The average dry-weather flow received from the camps is, as already 
stated, about 1,000,000 gallons per 24 hours, about one-third of this quantity 
being treated at each set of tanks. This volume of sewage, with an average 
population throughout the year of 20,000, gives the high average of 50 
gallons per head of sewage. 


The Stanhope tanks are in duplicate, constructed of concrete and brick, | 
and cement rendered ; the full length of each tank to the end of the cil) 1¢aa 
64 feet by 12 feet wide by 1 foot 6 inches deep (average depth) (Add. | 


Bead): ) 

The tanks are used singly, one resting empty whilst the other one is 
working; when the sewage has been running into one tank for a period 
varying from a fortnight to three weeks, according to circumstances, the 
sewage is diverted into the other tank by means of sluices, whilst the former 
one is emptied and the sludge drawn off; the empty tank being washed, 
brushed down, and left perfectly clean. The sludge on being drawn off 
flows by gravitation along the sludge conduits to the sludge beds, where it 
is mixed with farmyard manure and straw, and after drying sufficiently is 
carted off to the land where required and ploughed in. 
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* Cubic feet per minute, 
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From 20 to 30 tons of wet sludge are produced at each emptying of the 
tanks combined, the quantity varying somewhat according to the rainfall, ete. 
The Stanhope tanks have a capacity of about 6,500 gallons each. Each 
set of tanks, 7¢., the Stanhope, Wellington, and Marlborough, deal with 
about one-third of the total daily sewage flow, viz., about 333,500 gallons. 
~The small amount of sludge produced from the tanks may be accounted for 
by the fact that nearly all the road detritus, which in most cases forms a 
considerable proportion of ordinary sewage sludge, does not enter the foul 
water sewers, but what escapes from the road gullies goes off by the separate 
system. 
The Wellington tanks are practically similar in design to the Stanhope, 
with the exception that the overflow cill is straight instead of being curved. 
Their dimensions are :—length, 70 feet ; width, 10 feet; average depth, 1 
foot 8 inches; and capacity, about 7,000 gallons each tank; or a slightly 
greater capacity than the Stanhope (Add. B, LV.). 
Lhe old Marlborough tanks consisted of four adjacent tanks, their sizes 
being :—two tanks, 60 feet by 15 feet 6 inches by 2 feet 2 inches (average 
depth) ; and two tanks, one 22 feet 4 inches by 28 feet 9 inches by 2 feet 2 
inches (average depth) ; and another, 22 feet 4 inches by 29 feet 6 inches by 
2 feet z inches (average depth)—their combined capacity being about 
22,000 gallons. They were designed some years ago, and the floors had 
become very rough and uneven, causing considerable inconvenience and 
delay in cleaning out; they have now been abolished and other tanks con- 
structed on a new site on similar lines to the Stanhope tanks. Their dimen- 
sions are 80 feet by 12 feet by 3 feet (average depth); they are in duplicate, 
and each tank has a capacity of about 18,000 gallons. 
Thus, the total combined capacity of the three sets of tanks when work- 
ing is about 32,000 gallons, which would allow the sewage an average stay in 
the tanks of three-quarters of an hour approximately for settlement, which 
is not long (Add. B, VIL). 
After passing over the tank cill the tank effluent flows along the main 
carriers which are laid along the highest sides of the plots to be sewaged, 
both pipe, earthen plough-formed carriers, and 4-pipe stoneware carriers 
beingemployed. Where overflows occur on the main carrier for the purpose 
of distributing the tank effluent over the land, a special four-way junction 
block is provided (Add. B, V.), and by inserting a sheet iron or wooden 
stopper in the grooves the sewage can be diverted either way as desired’ 
into the contour grips or secondary carriers,which are cut at varying distances, 
but usually from 50 or 60 feet apart. These contour grips or channels run. 
out before the other side of the field or plot is reached, thus preventing the 
sewage irom running off untreated. 
The contour grips are diverted from the true contour line sufficiently 
to give the required fall; the grips thus have the effect of distributing the 
sewage equally, and, as far as it is possible, in the form ofa thin stream over 
the land. 
All the land intended to be cropped is manured every year with sludge. 
The whole of the farm with the exception of one field has now (10/1901) 
received a dressing of chalk at the rate of about 20 tons per acre. 
The gross area of the farm is 138°5 acres, of which the net. area. 
available for irrigation at present is about 120° acres. This area of 120°5. 
acres deals with 1,000,000 gallons per 24 hours throughout the year. With 
a population of 20,000 this gives i66 persons per acre of irrigable area, or 
8,300 gallons per acre. As about one-third of the irrigable area is sewaged 
at one time, this gives 24,900 gallons of sewage treated per acre per 24 
hours. The surface of the farm has a very slight slope to the east towards 
the river Blackwater, and consequently it has been a matter of great 
difficulty to carry out the underdrainage system so as to give sufficient fall 
or “draw” to the drains. 
| In 1900 an extension was made to the northern portion of the farm, 
about 125 acres of uncultivated sandy heath land and scrub being added 
_ to the farm, the whole area of which has been systematically underdrained 
and about six acres levelled, sown with Italian rye-grass and sewaged. 

The work of levelling, etc., is carried on by the farm hands under super- 
vision as time permits. At the present time (10/1901) nearly ali the new 
enclosed land has been levelled and finished off. 
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In winter during rainfall there is some subsoil water, but as a rule when 
the tank efflueat is taken off a plot the underdrains run dry. 

The underdrainage system is brought out to one effluent chamber at 
the lowest part ofthe farm. The land is underdrained throughout with 3-inch 
ordinary agricultural butt tiles, laid both herringbone and parallel, at an 
average depth of 3 feet 3 inches (the fall obtainable not allowing them a 
greater depth). The distance between these feeder drains varies according to 
circumstances, but it is generally 12 yards. The filling above the under- 
drains is the same soil as that taken out of the trench, the top soil being 
put in first and then the remainder. These feeder drains are connected up 
to 4-inch, 6-inch, 9-inch, 12-inch, and finally to 15-inch stoneware socketted 
master drains by which the effluent is conveyed to the effluent chamber and 
thence through a ditch into the river Blackwater. The underdrains have 
air escapes or ventilators provided with gratings above the surface of the 
ground to avoid any air-locking during storms, also for purposes of inspection. 
The farm is divided into plots of sizes varying from about 2 to 198 acres. 

A brief description of the method at the Camp farm of working new 
land to be prepared for sewage may be interesting. The land is chalked, 
ploughed, harrowed, and rolled, all slack places being filled in and the ground 
thoroughly levelled ; contour grips are cut and the tank effluent let into the 
contours from the main, carrier through sluices. The contour grips on fillmg, 
gradually overflow in a thin stream over the land until reaching the next 
grip, when the sewage is cut off and applied to the next succeeding grip, 
the same operation taking place. 

After the land has been well sewaged the water is taken off and the 
land left for a few days to “set” or consolidate ; this is very necessary, as 
deep ploughing is resorted to in the first instance to break up the ground, 
and otherwise crevices and holes would be apt to be left under the surface 
of the ground. The land is then rolled again, sown with rye-grass seed 
and left until the young plants are sufficiently strong to admit of irrigation 
{the roots of rye-grass lying close to the surface, this is necessary on 
a loose, sandy soil) ; it is then sewaged for some days, drie-] and rolled again 
to further consolidate the soil. After this, it is sewaged intermittently, for 
from four to eight days, day and night, with rests of about a week, until 


about ten days or a fortnight before the crop is ready to cut, when the 


water is taken off, the field dried, and when sufticiently firm to admit of cart- 
ing, the crop is gathered, and irrigation recommenced. Approximately about 
35 to 40 acres of land (old and new land) are under sewage at one time, and 
the sewage is usually applied for from 6 to 10 days, continuously, both day 
and night. The rye-grass produces, on an average. a crop every four weeks 
or so. 

A common practice, especially in time of rainy weather, is to sewage 
the bottom portion of a plot first; next, when that particular portion has 
received a sufficient dose, the sewage is turned on to the next preceding 
portion, and so on, until the whole of the plot has been sewaged. 

The object of this is to enable the bottom plot to act as a reserve to 
catch any washings or excess that there may be from the land above it. 
After a period varying from two to three years, according to local circum- 
stances, the rye-grass becomes patchy and irregular, water grass begins to 
appear, and the sewage flows in channels instead of in a thin sheet, when 
it becomes necessary to break up the ground again and re-sow it ; advantage 
is usually taken during this operation to level up the land. It is noticeable 
that the bottom portion of a field usually requires breaking up and re-sowing 
first, owing to its receiving any surplus sewage there may be. 

Where irrigated, rye-grass should be of a uniform dark green colour, 
and any higher portions not receiving sewage may be observed by their 
yellow colour. Cabbages and mangolds are grown on ridges to avoid the 
lower leaves becoming saturated with sewage ; after singling the mangolds, 
the broken down ridges are made up with a small ridging plough 

All the effluents are brought by 9-inch, 12-inch; and 15-inch pipes to 
one open effluent chamber (Add. B, VI.) lined with white glazed tiles, access 
to which is provided by steps for the purpose of taking samples. 

The flow of effluent varies considerably according to the temperature. 
In very hot weather the effluent is often only one-half its normal flow, the 


_ 
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remainder being absorbed or evaporated. The normal dry-weather flow 
is about two-thirds of the ordinary dry-weather flow of sewage, or about 
600,C00 to 700,000 gallons per 24 hours which shows one gallon cut of three 
as being absorbed or evaporated ; the quality of the effluent does not appear 
to vary much either in summer or winter. 

The river Blackwater, into which the effluent finally passes, is a small, 
muddy, sluggish stream. 

The ratio of efiluent to river water is about 1 to 6 approximately. The 
normal volume of the river is increased considerably by any rainfall. 

The main crop grown on the farm is Italian rye-grass, together with 
cabbages and mangold wurtzel; about 2 roods of osiers are grown, and on 
the upper portion of the farm, near the buildings, market garden produce, 
such as rhubarb ; rye-grass, however, with mangold wurtzels and cabbages, 
constitute the staple crop. All the mangolds are used on the farm, some of 
the cabbages are sold and some used for the dairy cows. The rye-grass is 
nearly all consumed on the farm by the cows. The root crops appear to 
thrive well and are in a clean condition ; in common with the rye-grass they 
are not sewaged for some weeks before they are full grown. The rye-grass 
produces four to six mowings per annum, the bulk of it being used on the 
premises for the dairy cattle, some supplied for the use of Government 
horses, part sold, and part made into hay. 

The utilisation of crops from a sewage farm isa serious item, particularly 
so where the main crop is rye-grass. In the neighbourhood of large towns, 
where dairy cows are kept, it can be disposed of to regular customers, but 
frequently a large amount of local prejudice and sentiment against it exists. 

A herd of dairy cattle is kept at this particular farm, and by this means 
the rye-grass is regularly disposed of, together with roots, and hay made 
from the rye-grass, there being no necessity to rely entirely upon outside con- 
sumers. There are two brick cow-houses, each holding 24 cows, well 
ventilated and drained. The cows are never allowed to graze on the farm, 
being entirely stall fed; the cow-houses, dairy, and all the appliances are 
modern, and the butter and milk appear to have a good sale in the camps. 
Water is laid on to all the buildings. 

There is no objectionable smell noticeable on the farm in connection witit 
the distribution of the sewage except in removing and carting the sludge, but 
this is in no degree worse than that which would occur in leading manure 
on any ordinary farm. 

The cost of treating the Camp sewage is about £1 18s. 4d. per million 
gallons. | 
One of the principal difficulties formerly experienced in the working of 
the farm was that of obtaining farm labourers in the immediate vicinity of 
acamp. There was also a lack of suitably built cottages, now provided close 
to the farm. 

Another difficulty was the delay experienced in obtaining the carrying 
out of necessary improvements. The number of men employed on the farm 
varies considerably, but is usually from 20 to 30, working under the direction 
of the farm bailiff, superintended by Colonel Jones. 





Notes ON TEMPERATURE, RAINFALL, ETC. 


The mean daily maximum temperature for the first visit (10th March to 
8rd April 1900) to this farm was 9°3° C. (48°8° F.), the mean daily minimum 
being —1:4°C. (29°5° F.). The mean daily rainfall for the same period was 
‘058inch. Rain fell on 10 days out of 25; on four days the rainfall averaged 
‘80 inch. Snow fell on two days. 

During the visit to the new land the rainfall was very slight, the daily 
mean for 14 days (24th May to 6th June 1900) being ‘017 inch ; the highest 
rainfall was ‘09 inch on 31st May. The mean daily maximum was high, 
being 20°8° C. (69°5° F.), the average minimum reading being 6°6° C. 
(44° F.). 
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At the third visit to the farm exceedingly heavy rainfall occurred on 
30th June and 2nd July, 80 inch being registered on the former of these days 
and °64 inch on the latter. The mean daily rainfall for the visit (19th June 
to 23rd July 1901) was ‘06 inch. The mean daily maximum was high, being 
256° C. (781° F.) ; the mean daily minimum was 9°5° C. (49°1° F .), OF @ mean 
difference between the maxima and minima of 16:1° C. (29° F.). The 
humidity averaged 71°2. (See Add. B, IX., X., and XL) 
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ALDERSHOT CAMP SEWAGE FARM. 





TABLE II. 


DomeEstTIc SEWAGE. 







































































EFFLUENTS. 
Period 
Number Number Area of Nature 
‘ sewaged of 
of of times plot or plots eerousy to crops grown REMARKS, 
Sample. treated. sewaged. Sampl te on plots. 
Acres. | *Days 
49 Once 5.42 | rEo Arable fallow - - | Unchalked Jend: *Mot sewage 
9°58 | continuously day and night. 
51 Once { 3-21 } es) Ryegrass—- - - | Unchalked land: very poor 
crop, laid down two years. 
52 Once 4°9 *3 Ryegrass: - - - | Unchalked land: crop in good 
_ condition. 
53 Once a _ -- General effluent. 
55 Once { ao } *3 Ryegrass - - - | Unchalked land. 
56 Once — _ — General effluent. 
6g Once 3°0 t 6 Young ryegrass -« - | Chalked land: young ryegrass 
| only just up. (tLand sewaged 
for 12 hours by day only.) 
83 Once 3°0 ie Young ryegrass - -|-° ditto - ditto - 
84 Once 3°0 T 8 Young ryegrass - -|- ditto - ditto - 
85 Once 3°0 + 9 Young ryegrass - -|- ditto - ditto 
87 Once 3°0 t14 Young ryegrass - sea cabtor Wa) soditta am | 
88 Once 3°0 +15 Youngryegrass - -|- ditto - ditto - 
89 Once _ — — General effluent. 
90 Once 5°08 t4 Ryegrass - -  - | Chalked land: tSewaged night 
and day. 
Various | 
246 Once 40°0 Periods. Ryegrass and arable - | Chalked land: general effluent. 
247 Once 3°21 *14 Ryegrass -  - Unchalked land. 
304 Once 5°80 * 3 Ryegrass }- = ae 
305 ' Once 10-0 al Ryegrass —- aot —- 
307 ~ Once 10 ad Ryegrass (cut) = - - ree 
308 Once 70 gt Ryegrass = - — 
309 Once 1:0 * 8 Ryegrass (cut) — 
310 Once a — as | General effluent. 
312 Once 1:50 15 Ryegrass (cut) - | —- 
313 Once 1:50 *16 Ryegrass (cut) = - - aes 
3l4a Once 1°50 <1 Ryegrass (cut) | aa 
314b “Once 70 gn! Ryegrass = - . —— 
3l4e Once 3°0 by Ryegrass -— - | —- 
3)4d Once 1°50 *18 Ryegrass (cut) = - a] ee 
314e ‘Once 30 ie Ryegrass = - - 4 — 
314f Once i ee 7 Ryegrass - | — = 
314h Once 1°50 rel Ryegrass (cut) = - - wae 
317 Once 1°50 cou Ryegrass (cut) = - : — 
317a Once — — — General efiluent. 
318a Once — — — General ¢ffluent. 
318 Once My TB} Ryegrass (cut) = - - — 
318¢ Once _ — — General effluent. 
318d Once Mats: *24 Ryegrass (cut) = - : — 
318e Once - - _ General effluent. 

















EFFLUENTS. t 
Period 
Number N cae Area of plot sewaged es 
of of times or plots De to crops grown REMARKS. 
Sample. treated. sewaged. sample. on plots. 

318f Once 1°75 *25 hi) egrass (cut) = - —— 
319a Once _- - oe General effluent. 
319 Once 3°21 te Ryegrass ° - ma 8 
319¢ Once 5:08 “2G Ryegrass (cut) = - — 
320a Once — oa a General effluent. 
321 Once 1°75 MD Ryegrass (cut) —- —- 
322a Once _ — — General effluent. 
322 Once 20 ob) Ryegrass (cut) = - a 
322b Once “= _ = General effluent. 
322¢ Once 3°25 mp Ryegrass” - —_— 
323 Once 20 sale Ryegrass (cut) = - ee 
323h Once -— — _- General effluent. 
324a, Once — a — General effluent. 
324 Once 2°0 =n Ryegrass (cut) —- — 
325 Once 2°0 * Q Ryegrass (cut) - — 
390 "  Oneeh aan i = — General effluent. 
391 Once 3°0 “7 Ryegrass —- Final effluent. 
392 Once 40 caG Ryegrass Final effluent. 
394 Once 3°0 * 8 Ryegrass - Final effluent. 
395 Once 4:0 oar Ryegrass— - - Final effluent. 
396 Once — = — General effluent. 
398 Once 35 _ — General effluent. 
399 Once 3°0 ye) Ryegrass -~ - Final effluent. 
400 Once 4-0 es Ryegrass - Final effluent. 
402 Once == — General effluent. 
403 Once 3°0 *10 Ryegrass - — - Final effluent. 
404 Once 4°0 et!) Ryegrass - - Final effluent. 
406 Once 3°0 | Ryegrass -~ - Final effluent. 
407 Once —_ es — General effluent 
408 Once 4°0 "1G Ryegrass” - - Final effluent. 
461 Once 24) *10 Ryegrass -~ - Final effluent. 
463 Once 2°0 “11 Ryegrass -  - Final effluent. 
465 Once 2°0 *12 Ryegrass -  - Fina) effluent. 
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TABLE JJ. (continued). 


DoMEstTic SEWAGE. 
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ALDERSHOT CAMP FARM. 


TABLE. IIL. 


Domestic SEWAGE. 





* Corresponding Effluents. 





From Old Land. 





From New Land A. 


{ 


From New Land B. 


REMARKS. 





mple Nos, 48 and 49. 
50 and 51. 
Re 5, b4and:55. 
302 and 304. 
303 and 305. 
314¢ and 314e. 





Sample Nos. 81 and 82. 
86 and 87. 


” ”» 





Sample Nos. 306 and 307. 
ni » ol4g and 314h. 





* Comparative Samples, or Samples taken from the same plots of land. 





* j.¢., Effluents corresponding to crude or 
screened and settled sewage in each case. 
That is to say, that the effluent is taken 
some time after the sewage sample, to 
show as far as possible the degree of 
purification effected on that particular 
sewage. 








TABLE IV, 














eal 


318f) 








+Old Land. | tNew Land B. §New Land A. REMARKS. 
Numbers. Numbers. Numbers. 
f phi 307 | /82 * By “Comparative” samples is meant 
{ + samples drawn from the same areas of 
es f 309 83 land, and the effluents ;in brackets are 
comparable with each so far as the area 
4 312 84 | of land sewaged is concerned. 
f 314e | 
3 313 85 + By “Old” tand effluents is meant those 
\g14e effluents from the old portion of the 
31 4a | 87 farm as distinct from the “new.” 
391 314d 88 { New land “B.” (coloured green on small 
| plan) was brought into operation in 
394 314h June 1901. (See Addendum B, VIIT.) 
cae 321> | 
399 (317 § New land “A” (coloured pink on small 
322 plan) was brought into operation in 
403 318 May 1900. 
) 323 | 
406 


G246 (iv.) 














392 
395 
400 , 
404 





408 
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Number | 


Or 


Sample. 


48 


” 





33 


Crude sewage 


18 














Crude sewage 


Crude sewage 














a 
ALDERSHOT CAMP FARM. 
Domestic SEWAGE. 
Sewage Samples. < 
’ | 
Nature of Sewage. Source. Time | REMARKS. = 
taken. | 
- - | Wellington Lines tanks | 11.0 a.m. - | Very strong, taken before being screene 
or entering tanks. 
Screened and settled sewage | Stanhope R i 11.0 a.m. - | Very strong, taken after being screene 
and settled. 
a ss bs A es - 1.0 p.m. - | Very strong, taken after being sereene 
and settled. 
45 = Marlborcugh ,, a 11.45 a.m. | Very strong, taken after being screene 
and settled, slightly alkaline. 
"4 + 0 ne “1 = 12.45 p.m. | Soapy sewage, taken after being screene 
and settled. 
- Ps : ‘3 5 33 2.0 p.m. - | Fairly strong, taken after being screene 
and settled. 
5 Fs 99 Stanhope > » | 1l5a.m. - | Fairly strong, taken after being screene 
and settled. 
i 5 s Marlborough ,, ‘ 11.30a.m. | Very strong, taken after being screene 
and settled. 
Mi * 5s 3 rf 11.30 a.m, | Strong, taken after being screened an 
settled, septic looking. i 
- > - 11.15a.m, | Strong, taken before being screened an 
settled. 
5 - i 5 _ 10.49 a.m. | Strong, taken before being screened anc 
settled. 
3 35 na i 10.35 a.m. | Fairly strong, taken before being screen 
and settled. ; 
Screened and settled sewage as a ; 10.45 a.m. | *Not very strong, taken after bein; 
screened and settled, = 
- : + 5 ; 11.30 a.m. | Not very strong, taken before being 
screened and settled. 
- - - } ms Pr 9.45 a.m, | Not very strong, taken before being 
screened and settled. | 
MA - Stanhope FF 12.15 p.m. | Strong, taken before passing throug] 
\ 


bP} 





”» 


99 


bE 


Screened and settled sewage 











10.45 a.m. 
10.30 a.m. 
10.15 a.m. 


10305, am. 





settling tank. 
Apparently stronger than 389, probably 
owing to time of day. _ ? 
Apparently weaker than usual owing t 
rainfall. 
A strong sample, possibly owing to very 
heavy rain scouring out the sewers. 
Fairly strong. s 





* Taken from the carrier just before going on to the land. . | 


24 hours sewage samples :— 


Sample No. 460, 28th January 1902— 
and settled sewage—heavy rain (*40 inch) 


Sample No. 462, 29th Januar 
Screened and settled sewage— 


Sample No. 464, 30th January 1902—from noon, Wednesd 


Sereened 


from noon, Monday, Oy 
in the early morning. 


y 1902—from noon, Tuesday, 


‘O01 inch rainfall. 


and settled sewage—-00 inch rainfall. 


7th January to noon, Tuesday, 28th January 1902—Screened 
28th January, to noon, Wednesday, 29th January 1902— 


ay, 28th January, to noon, Thursday, 30th January 1902— 
bah 
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ADDITIONAL NOTES ON DIFFERENT SAMPLES. 





ALDERSHOT CAMP FARM. 


Domestic Sewage.— Winter Visit. 

[..cample No. 50.—Screened and settled sewage from Stanhope Lines, one mile distant, and having 
passed through a bar screen, with ?-inch spaces, and settling tank. 

Sample No. 52.—This effluent represents an average sample of the farm during wet weather. 

Sample No. 53.—General effluent contained some sewage weed. During wet weather the 
sewage in consequence of the increased flow sometimes reaches portions of the land not usually 
irrigated, and should there be any rat or mole holes, reaches the drains imperfectly purified. In 
addition, any accumulation of sewage weed or sediment in the drain during a dry period is wash. d 
out in times of at ore 





Sample No. ral_ effluent, very dirty yellow colour, turbid, a good deal of it being 
caused no Asante by some 5 of it having come off the worst parts of the farm; ze. the parts not 
yet drained or levelled. 

Sample No. 57.—-River water taken 30 yards above junction of effluent outlet ; a fairly clear 
sample, river about normal height (about 4,000,000 gallons per 24 hours). The river appeared 
to be in a fairly satisfactory state. (Add B, II.) 

Sample No. 58.—River water and effluent taken 50 yards below effluent outlet; the effluent, 
entering the river channel at right angles, appeared to be thoroughly mixed with the river water. 

Sample No. 59.—River water and effluent, taken 170 yards below effluent outlet. This sample 
could not be taken any lower down the river owing to another brook joining the river at that 
point. Some cattle had apparently been in the stream between the points where Nos. 58 and 59 
were drawn, some time previously to drawing the sample. 

Sample No. 60.—Subsoil water drawn from a pump well near the farm, 8 feet deep (no chance 
of contamination from the farm) ; 3 feet 6 inches of water in the well at time of drawing sample, 
very clear and sparkling appearance. This well varies in depth according to the amount of rain- 
fall. In July (1901) the water was 1 foot 6 inches deep. 


End of Winter Visit.—Spring Visit. 


Sample No. 82.—Effluent from new land (3 acres) sewaged 6 days, by day only for 12 hours 
(1.2. 6am. to6 p.m.) Effluent smelt strongly of sewage and was of a deep orange colour. The 
rye-grass was newly sown, and was not up sufficiently to affect the purification appreciably. The 
sewage was flowing on at about the rate of 20,000 gallons per 24 hours. 

The surface of the soil was not yet consolidated, being left 2 inches to 3 inches higher than the 
other land to allow of settlement. 

In preparing the land a four-horse deep plough was employed, this leaving the soil loose 
immediately beneath the surface and causing the sewage in some parts to run direct to the drains. 

Sample No. 83.—Some large holes letting the sewage direct to the drains. Orange-coloured 
effluent. 

Sample No. 84.—-Holes in land filled up and rammed, orange-coloured effluent. 

Sample No. 85.-—Yellow coloured effluent, and slight smell. 

Sample No. 87.—Some holes in land started again. Land to be thoroughly rolled once the 
sewage has been taken off, to consolidate it. 

Waterman walking about on the land under sewage stirs up the sediment ; effluent orange 
coloured. 

Sample No. 88.—Holes stopped up. Effluent not quite so deep an orange colour. 

Sample No. *89.—General effluent from old land, yellow coloured, slight sediment. Thie 
would include the new land final effluent. 

Sample No. 90.—Effluent from old land, 5-08 acres rye-grass, sewaged for four days ; fairly clear, 
slight smell. 

Sample No. 245.—Screened and settled sewage from Marlbro’ Lines. New tanks now in use, 
and better sedimentation obtained thereby. Sewage strong. Sewage is strongest about 10 a.m. 
and 3 p.m. This sample was drawn the day following heavy rainfall. 


Sample No. 246.—General effluent from about 40 acres of old land; slight sewage smell, 
yellowish colour, some sewage fungus. Heavy rainfall appears to disturb the soil for some time 
afterwards, some of the surface soil being apt to wash off in heavy storms. This general 
effluent had no effluent water from the new land running into it. 

Sample No. 247,—Effluent from old land rye-grass, 3°21 acres sewaged 14 days; fairly clear 
and no smell. 

Note.—Effluents subsequent to No. 247 were all drawn from land that had been chalked. 


Summer Visit.—New land during this visit was sewaged continuously during the 24 hours :— 
Sample No. 304.—Effluent from old land, 5°80 acres rye-grass, sewaged three days; only fairly 
clear, very slight smell. 


Sample No. 305.—Effiuent from old land, 10 acres rye-grass (7.¢., 11°55 plot), sewaged three 
days ; yellowish colour, decided smell, some sewage fungus. 





All genera} effluents subsequent to No. 82 contain the new land effluents. 
6225. (iv.) C 
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Sample No. 307.—Effluent from new land B. This land appeared to be more consolidated than 
New land A., and not so liable to form waterways for the sewage to the drains ; hay crop only 
just gathered off ground. Surface cut about by waggons and carts. A mere dribble of effluent 
running, opalescent colour, 


Sample No. 308.—Effluent from old land; yellowish colour, some sewage fungus. 


Sample No. 309.—Effluent from new land ; deep yellow, opalescent colour. Land not set very 
well, and cut up by carts during hay time, etc. Moles worked during the time that the field 
was dry. 

Sample No. 310.—General effluent; yellow colour, some finely divided sewage weed, strong 
sewage smell. 


Sample No. 311.—Street washings and roof water taken from surface water ditch, after two 
days’ heavy rainfall, i.e. probably as pure as one could expect to obtain it. At the time of drawing 
sample this surface water ditch was flowing at about the rate of 10,000,000 gallons per 24 hours ; 
sample a turbid brown colour, 

Sample No. 312.—Effluent from new land. Sample drawn during very heavy rainfail (64 
inch) ; some sewage was escaping direct over the surface of the land to the pick-up carrier at 
foot of plot and thence to effluent chamber. Some solids were washed on to the land; in 
consequence partly of the sewage being put upon the land in larger quantities than usual, to soak 
the land, this in combination with the rainfall producing the overflow. The worst sample drawn, 
being practically weak sewage. 

Sample No. 313.—Effluent from new land ; yellow colour ; land only just recovering from the 
heavy rain. 

Sample No. 314.—Street washings and roof water after three days’ rain ; turbid and apparently 


worse than the previous sample of street water, probably owing to a slight escape of sewage 
from the farm. 


Sample No. 314a.—Effluent from new land. No visible short cuts of sewage to drains. 
Effluent still very yellow in colour. The ryegrass growing very slowly in consequence of drought, 
but assisted by late rains. 


Sample No. 314b.—Effluent from old land; some suspended matter in effluent. Not a very 
clear sample. 


Sample No. 314c.—Effluent from old land. Not a very clear sample, and a good deal of 
sediment. 


Sample No. 314d.—Effluent from new land ; yellow colour ; land apparently in fair working 
order. 


Sample No. 314e.—Effluent from old land ; fairly clear. 
Sample No. 314f.—Effluent from old land; a good deal of suspended matter. 
Sample No. 314h.—Effluent from new land yellow colour. 


Sample No. 315.—River water above effluent outfall ; cloudy blue colour; 5 c.c.’s dissolved 
oxygen. A good deal of froth and scum coming down the stream owing to rainfall. 


Sample No. 316.—River water 30 yards below effluent outfall; dissolved oxygen 3 c.c.’s, 
cloudy blue colour ; some fermentation going on in the stream. 


Sample No. 317.—-Effluent from new land ; yellow colour ; slight seaweed smell. 


Sample No. 317a.—General effluent from old and new land ; a clear-looking sample, very little 
suspended matter, slight seaweed smell. This represents, as far as could be judged, a fair 
sample of a “general” or “combined ” effluent in dry weather, 


Sample No. 518.—Eflluent from new land ; yellow cclour ; strong seaweed smell. 


Sample No. 318a.—General effluent from old and new land, about same in appearance as No- 
317a, but clearer if anything ; slight seaweed smell, 


Sample No. 318c.—General effluent fairly clear, similar to No. 318a in appearance. 


Sample No, 318d.—Hffluent from new land ; yellow colour; a larger flow of effluent running, 
similar in appearance to No. 318. 


Sample No, 318e.—General effluent from old and new land, similar to No. 318d in conditions 


and appearance, but apparently more suspended matter. Perhaps due to ixcreased flow and 
therefore scouring action. 


Sample No. 318f.—Effluent from new land, similar in appearance to No 318e, but slightly 
less suspended matter. 


Sample No. 319.—Effluent from old land ; a good deal of suspended matter* 


Sample No. 319a.—General effluent from old and new land ; a fairly clear sample, green algae 
showing in effluent chamber. 





Sample No. 319¢.—Effluent from old land 3 a very fairly clear sample, rye-grass just starting to 
grow. 


Sample No. 320.—Screened and settled sewage taken from the carrier just before going on to 
the new land (A) ; rather weak. 


Sample No. 320a.—General effluent from old and new land ; a fairly clear sample. 


Sample No. 321.,-+Effluent from new land B. Plot sewaged for two days, day and night con- 
tinuously ; very little effluent running owing to drought ; deep yellow colour. 








_* During very lengthy periods of drought, the amount of effluent coming away from the farm is often 
diminished by as much as one-half. When a field or plot is left dry for some days and then sewaged, 2 gocdd 
deal of matter washes from the drains at first. 
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New Lano A’ 





The above Plare refers to the Norti-ern’ extenston A the Farner reterred to 
else where . The portion colawed Pinte (reterred to as New land A was: 
laid out for Sewage ur 7900. d was brought inte qperation uv May 1900 .The 
lower portiory which tis, coloured Greer referred to as New land oie Caza 
out for Sewage subsequently to New land A” &£was not Graght urto qper- 
ation until June 1907. Briefly, A’ was sown with ryegrass & Sewage put 
onvtor the first lime uv May 1900 . After about 14 days the Sewage was 
taken off & the land roiled , Sewage was agate pul on unmediutely 
atter the rolling - Subsequently, it was sewaged. after each crop was cut, 
ahout the same asthe Od tand .The same qeratios took place with 
regard to New land 2” 
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Sample No, 322..—Effluent from new !and B sewaged continuously for three days. Effluent a 
deep yellow colour ; still very little running, probably due in some measure to the sewage being 
on a slightly increased area. A large amount of sediment in effluent 


Sample No, 322a.—General effluent from old and new land ; some little sediment coming down ; 
slight smell. 


Sample No. 322b.—General effluent from old and new land ; similar to No. 322a. in colour, but 
more sediment. 


Sample No. 322c.—Eftluent from old land ; a fairly clear sample, no perceptible smell. 


Sample No, 323.—-Effluent from new land B sewaged day and night continuously ; very little 
effluent running, and much red suspended matter ; a good deal of sediment was stirred up owing 
to having to collect sample in very small quantities, 


Sample No. 323b.—General effluent from old and new land; a good deal of suspended 
matter, owing no doubt to slight rainfall ; slight sewage smell. 


Sample No. 324.—Effluent from new land B. 


Note.—A slight amount of only surface-treated sewage had entered effluent at bottom of 
plot ; effluent a frothy, dirty colour in consequence. 


Sample No. 324a.—General effluent from old and new land B only fairly clear, in all 
probability affected by bad effluent from new land B. 


Sample No. 325.—Effluent from new land B (raining heavily during drawing of sample), a little 
surface‘treated sewage getting in. 


Sample No. 326.—River water taken 30 yards above effluent outlet; river rather high (about 
at the rate of 10,000,000 gallons per 24 hours); a turbid sample drawn during rain. 


Sample No. 327.—River water taken 30 yards below effluent outlet; no perceptible difference 
between the two samples, No. 327 if anything clearer than No. 326. 


Sample No. 390.—General Effluent : some suspended matter ; yellowish colour; hardly such a 
good sample as usual. 

Sample No. 391.—Final Effluent : a clear sample. 

Sample No. 392.-—Final Effluent: very little effluent running, top end only of plot being 
sewaged ; slight sewage smell. 

Sample No. 394.—Final Effluent : from same source as 391 ; clear. 

Sample No. 395.—Final Effluent: from same source as 392; yellow colour; a little more 
effluent running. 

Sample No. 396.— General Effluent: slightly less suspended matter than in No. 390. 

Sample No. 398.—General Effluent: some sediment; rather dilute, owing to rain (-20 inch) 
rain also probably caused more sediment. 
Sample No. 399.—Final Effluent: same source as 394 ; some sediment. due to rainfall, otherwise 
clear. 

Sample No. 400.—Final Effluent: same source as 395 ; yellow colour, a ae deal of sediment > 
a fair amount of effluent running. 

Sample No. 402.—General Effluent : fairly clear ; very slight sewage res After heavy rain. 

Sample No. 403.—Final Effluent : same source as 399, clear, no smell. 

Sample No. 404.—Final Effluent: same source as 400; yellow colour, After ‘55 inch rainfall ; 
sewage smell, 

Sample No. 406.—Final Effluent: same source as 403; clear, no smell; °30 inch fell during 
drawing of samples. 

Sample No. 407.—General Effluent: fairly clear ; taken during heavy rain. 

Sample No. 408.—Final Effluent: same source as 404; a fair amount of effluent running ands 
less yellow than previously ; taken during heavy rain. 

Sample No. 461.--Final Effluent. This effluent was undoubtedly affected by the heavy 
rainfall, and was dilute. 

Sample No. 463,—Final Effluent. This sample contained some red flocculent matter. 

Sample No. 463..—Final Effluent: some red suspended matter, otherwise a very clear sample. 

24 hours sewage samples, Nos. 460, 462, and 464.—These samples were taken from the screened 


and settled sewage on leaving the tanks, that being the condition in which it is applied to the 
land. 
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ALTRINCHAM SEWAGE FARM. 
(Altrincham Urban District Council). 





Situation of farm :—Bordering on Carrington Moss, about 2 miles from 
% 5D DS b] 
Altrincham. 


. Total acreage\of farm :-—75°5 acres. 


Total irrigable area :—35 acres. ) 

Average area irrigated at one time :—17°5 acres, 
Population draining to farm :—18,000. 
Population per acre irrigated :—514. 


. Gallons of sewage per head per day :---44-4. 


Dry weather flow of sewage per 24 hours :—800,000 gallons. 

Gallons of sewage (exclusive of storm water) treated per acre per 
24 hours :—46,000 = (2%). 

Gallons of sewage treated per acre per 24 hours, on the assumption that. 
each acre of irrigable area is under sewage all the time (this for 
purpose of comparison) :—(™2"") = 23,000 gallons. 


35 





. Characters ot the sewage :— Domestic. 


Method of treatment :—Settling tank and land filtration. 


. General characters of the soil and subsoil :—Peaty soil lying upon sand 


and gravel. 


. Separate or combined sewerage system :—Combined. 
. The final effluent is discharged into :—Sinderland Brcok. 
. Number of years farm in operation before 1900 :-—-30 years 





ALTRINCHAM SEWAGE FARM, REPORT. 


SUMMARY OF CONTENTS. 





DESCRIPTION OF FARM. 





Addendum A. Notes on Samples :— 


Table I. Showing all samples drawn at the Altrincham sewage farm, together with time 
of drawing, rainfal!, temperaturcs, description of samples, ete. 


Additional Notes on Samples. 


Table I]. Giving area of plots from which effluents were drawn, and the time those plcts 
had been under sewage, etc. 

Table Lil. Sewage samples. 

Table IV. Comparative samples. 


Addendum B. Plans and Diagrams referred to in Report :— 


I. Plan of farm 
Il. Plar referring to brook samples, and section of soil and subsoil. 
III. Diagrammatic plan and section of lagoon, and plan and section of main carried. 
IV Diagram showing hourly variations in temperature of crude sewage. 
V. Temperature and rainfall chart (first visit). 
VI. Temperature, rainfall, and humidity chart (second visit) 


ALTRINCHAM SEWAGE FARM. 


(Altrincham Urban District Council.) 





The sewage, which is domestic, is treated by means of a settling tank 
and land filtration. | 

The soil varies in places, the surface soil consisting of 8in. to 10in. of 
black porous soil, mixed with and lying upon a layer of decomposed peat 4in. 
to 7in. deep, superimposed upon fine white sand and gravel (Add. B, II.). 
About one-half of the farm was formerly pure bog land (Carrington Moss) ; 
the remaining half, or southern portion, of the farm is of a sandier nature, 
The actual peat land is not irrigated. There is a large quantity of iron in the 
soil, and a “pan” of some 3in. to 6in. in thickness occurs in places. 

The farm has been in operation 30 years, since about 1870. It is managed 
by the Altrincham. Urban District Council. 

The average dry weather flow is-800,000 gallons per 24 hour, or 44:4 
gallons per head of the population. 

The present population of Altrincham served by the sewerage system. is 
17,500; a portion of Dunham Massey (500 persons) brings this to a total of 
18,000 persons draining to the sewage farm. 

The drainage area (built area) draining to the farm is about 500 acres. 
The population per acre of drainage area is, therefore, 36, which is small, 
and consequently the subsoil leakage to the sewers per head is proportion-- 
ately more than would be the case in a thickly populated district. 

The Altrincham water supply is obtained from the Wood-Head — 
source. | 

W.c.’s are in use over the greater part of the town; there are, however, 
a few privies, the contents of which are not dealt with at the sewage farm. 

The streets sewered are principally macadam. 

There is, practically, no manufacturer’s effluent. 

The sewerage system is on the combined method, all street, roof, and — 
back-yard water being admitted to the sewers, and, consequently, during 
rainfall large fluctuations occur in the sewage flow. Very frequently the 
present outfall sewer is too small for the flow. 

The average annual rainfall at Altrincham is 37in. 

The whole of the sewage gravitates to the farm. Most of the sewers 
appear to be in fairly good condition ; some, however, are 30 years old, and 
they allow a considerable amount of subsoil leakage. In addition, two 
small ditches run into the main sewer, where it passes by syphon under. 
the Bridgwater Canal. 

With the exception of the main gravitation outfall sewer the general 
lines of sewers have fairly good falls throughout. They are not flushed at 
any point. | 

The whole of the sewage is carried as far as West Timperley Station by 
two ovoid brick sewers, which discharge into a chamber provided with a 
storm overflow cill andiron flap valve, opened during storms by the head of — 
sewage and storm water, which is discharged through a 3ft. 9in. circular 
brick culvert into an adjoining stream, this stream eventually joining the 
brook which receives the farm effluent. At present this main storm overflow 
works at less than one of storm water to one of sewage, or less than twice the 
dry weather flow. There are, in addition, two other local storm overflows. 

From this chamber the 21in. main outfall to the sewage farm commences, 
laid at a gradient of 1 in 2.174, and having a theoretical capacity, running 
full, of about 4,800,000 gallons per 24 hours. About 150 yards from this 
chamber the 21-in. outfall sewer passes through a small catch-pit 20ft. by 2ft. 
by 2ft. deep, and any accumulation of silt or sand (such as that caused by 
laying a new sewer) is extracted here when necessary. After leaving this 
catch-pit the sewage is conveyed to a small settling tank on the farm; the 
distance from the storm overflow chamber to the settling tank being about 
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2,130 yards. The outfall sewer being at such a flat gradient has not a self- 
cleansing velocity, and has a tendency to silt up rapidly in consequence. 

The average time taken by the sewage to reach the farm is about 3$ hours. 

The settling tank is 70ft. long by 6ft. wide and 3ft. 9in. deep (average 
depth), formed with a circular bottom. The working capacity is about 
10,000 gallons, or 5 of the dry weather flow. At the outflow end of the 
tank the channel for the sewage is 2ft. 4in. wide and 18in. deep, a sliding 
iron sluice door being employed to retain the solids in the tank as far as. 
possible. The sludge is drawn off about once a week by means of a chain 
pump into an adjoining sludge bay, 68ft. long by 18ft. by 2ft. 6in. deep. 
When the sludge has dried sufficiently, it is mixed with farmyard manure 
and ploughed or dug into the land where required. The capacity of this 
tank is only very small in proportion to the daily flow of sewage, and con- 
sequently little appreciable settlement is effected. The maximum and 
strongest sewage flow at the farm occurs from about noon until 2 p.m., and 
the sewage is fairly fresh on its arrival at the farm. On leaving the settling 
tank the sewage passes over the farm, along a main carrier formed with a 
stone slab invert and brick sides (Add, B, III.); closed pipe carriers are 
also used. 

The bricks used in the sides of the main carrier are not blue brick, 
and have perished badly with the frost, causing any grease, etc., in the 
sewage to accumulate against the sides, and hindering the cleansing of the 
carriers. From the main carriers the sewage either flows directly on to 
the land, or first into spade-formed subsidiary carriers, as the case may be. 

The total area of the farm is at present (1900) 75°5 acres, 35 acres of 
which are irrigated (Add. B, I.). Taking the irrigable area (viz., 35 acres) 
as dealing with 800,000 gallons of sewage per 24 hours (exclusive of storm 
water), and a population of 18,000, thiscomes to 514'4 persons per acre, or 
about 23,000 gallons per acre ; and since in dry weather about one-half of the 
irrigable area is sewaged at one time, this gives about 46,000 gallons of 
sewage treated per acre per 24 hours. 

The irrigated area is under-drained 4 to 5 yards apart with ordinary 4-in. 
land tiles, about 3ft. 6in. to 4ft. deep, laid parallel and joining 9-in. stoneware 
socketted master drains, which are connected up to brick effluent manholes. 
The peat excavated in draining operations was not replaced over the 
drains, only good soil being returned, as it was found that the peat did not 
purify the sewage. Thus, it may be seen that the sewage has an average 
depth of about 3ft. of soil to pass through before reaching the under-drains. 

There appears to be a little subsoil water present in the drains in wet 
weather. 

The land is not liable to floods. 

* Owing to the insufficient capacity of existing settling tank, the settled 
sewage is usually run into a plot of land banked round so as to form a lagoon 
of two or three acres, and sufficiently large to contain about one day’s sewage 
flow (Add. B, III.). The suspended matter left in the settled sewage after 
passing through the tank is almost entirely deposited here, and the surface 
water drawn off at the foot of the plot, either direct, or by earthen carriers. 
to the plots of land to be irrigated. 

A portion of this impounded sewage also filters through the soil to the 
under-drains when the lagoon is first filled, the surface of the soil subse 
quently silting up and becoming more and more impervious to filtration. 
After the lagoon has been in use for three or four months, it is dried, the 
sludge ploughed in, and a fresh lagoon made; the sludge attaining an average 
depth of about 3in. in that time. To lessen the silting up of the lagoons, 
small sludge arresters were placed at the openings where the settled sewage 
entered the lagoons (see plan) ; these, however, were not found to effect any 
appreciable difference. 

The sewage and lagoon liquor is generally run on to the same plots 
intermittently for periods varying from fourteen to twenty-eight days, being 
turned on to the plots continuously for about twelve hours. 

In winter the sewage is sometimes applied to the land continuously 








* This (i.c., lagoons) method was found not to be practicable in hot weather, the scum rising: 
from the bottom of the lagoon in floating masses and crv ating a nuisance. 
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both night and day. At such times there is considerable risk of the frost 
raising the banks or “fenders” of the lagoons, and allowing the sewage to 
escape unpurified. 

Crude sewage is occasionally applied to the land from the main outfall 
hefore it reaches the settling tank, holes having been made in the sewer to 
admit of this being done. 

Twelve of the thirty-five irrigable acres are laid out in osier beds, and 
under the present conditions some of the drains come under the intervening 
grips, instead of down the centre of each bed, and the sewage in consequence 
gets through the soil too quickly. 

The osier roots penetrate to a great depth, and are apt to choke up 
or displace the drain tiles when not laid deep, in addition to consolidating 
the ground and rendering it difficult for the sewage to pass through. 
The osiers nearest to the carriers, and where the sludge tends to accumu- 
late, are much the largest, but very brittle, full of pith, and inferior in 
quality as compared with the rest. They appear to encourage a dense 
growth of weeds, and require almost incessant cleaning. 

The beds are sewaged alternately, one set of beds resting while the 
others are receiving sewage, otherwise they do not dry. As a general rule, 
they are sewaged by night only. 

The remainder of the irrigable land is arable, with the exception of a 
small piece of meadow land near the brook, which, however, is only used for 
sewage treatment during very heavy storms, and when the sewage cannot be 
kept back. The principal crops grown are mangolds and cabbages, the man- 
golds being sown on ridges, and the sewage run between them. | 

Rye grass is not grown much as a rule, there being a difficulty about its 
disposal. 


All the crops grown on the farm are sold. The farm receipts generally — 


just balance the payments, exclusive of interest on loan; so that the 
actual cost of treating the sewage amounts to the rental of the farm, or the 
interest on the loan fox its purchase, equal to about £340 per annum, or 
£1°16 per 1,000,000 gallons, excluding storm water. 

The total capital outlay on the farm up to the present date, including 
purchase and laying out of the land, has been about £14,000. 

Three separate outfalls convey the effluent to the Sinderland Brook, 
which borders the farm. 

This brook is frequently polluted by tan refuse. A large storm over- 


flow culvert from another district also discharges into the stream, a little dis- — 


tance above the Altrincham Sewage Farm. 

The ratio of effluent to brook water, normally, is approximately as one 
to three. The stream does not appear to be in a very satisfactory state, and 
contained (at the time of the visits to the farm) sewage weed for about 500 
yards below the lowest effluent outfall. The only objectionable smell on the 
farm was that caused by the floating masses of scum on the lagoon surface 
previously alluded to. 

The chief difficulty in working the farm is the want of sufficient land, 
and it is proposed to purchase 76°5 acres of the adjoining land, to construct 
new settling tanks, and to enlarge the present outfall sewer. 


Notes ON TEMPERATURE, RAINFALL, ETC. 


The mean daily temperature on the Altrincham Sewage Farm was 
10:2° C, (50°5° F.) for the first visit (April 24th to May 15th, 1900) with — 


mean daily maximum and minimum temperatures of 16-4° C. (61°6° F.) 
respectively. On three nights there were frosts, the lowest reading being 
— 44°C, (24° F.) on April 25th, Rain fell on 13 days out of 22. The great- 
est amounts during the 24 hours were ‘45 in., ‘32 in., and ‘24 in. The mean 
daily rainfall was ‘073 in. The mean daily temperature for about the same 
period of the following year (April 16th to May 1ith, 1901) was 11°7° C. 
(53:2° F.), or 15° C. (2.7° F.) more than in 1901. The mean daily 
maximum and minimum readings were 18°9°C. (65°9° F.) and 4°7° C. 
(40°6° F.). The humidity averaged 79:8 daily. The mean daily rainfall was 
‘026 in. The greatest amounts recorded were ‘20 in. on April 16th, and ‘12 
on vn, and 9th of May. Rain fell on 10 days out of 26 (see Add. B, V. 
an ae 
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ALTRINCHAM SEWAGE FARM. 





(Domestic Sewage.—Additional Notes on Samples.) 


Sample No. 65.—The lagoon from which this sample was drawn had been in use (at the time 
of drawing the sample) since April 1st, 1900. j 

Sample No. 66.—This effluent appeared to contain a large amount of iron, and the beds of 
streams in the neighbourhood are covered with a deep reddish ochreous deposit. 

Sample No. 67.--This sample was drawn after the storm overflow had been running for 
30 minutes. The brook into which the discharge took place was ina filthy condition, owing to the 
paper and feces flowing into it; ‘10in. rainfall in about 34 hours on a saturated surface caused 
the overflow. 

Sample No. 68.—This sample was drawn after the overflow had been working for 14 hours. 

Samples Nos. 69 and 70.—The sewage from which these samples were produced was very 
dilute owing to the rainfall the previous day. Sample No. 70 was from a plot which had been 
sewaged with lagoon liquor intermittently for seven days. The sewage was run on for about 
12 hours, then a rest of 12 hours, before any further sewaging. Rain appears to wash out yellow 
colouring matter from the under-drains. 

Sample No. 71.—Brook water taken 13 yards above first effluent outfall. The brook was in 
flood, and the water turbid ; a slight greasy film on the surface of the water. (Add. B. II.) 

Sample No. 72.—General effluent taken from both effluent outfalls. Volume of stream to 
effluent approximately as six to one ; effluent discoloured, reddish matter in suspension. 

Sample No 73.—Brook water and effluent taken 175 yards below last effluent outfall, as the 
brook and effluent did not appear to mix thoroughly until that point was reached, There were 
large masses of sewage fungus discoloured with iron growing in the bed and sides of the stream. 

Sample No. 76.—This effluent was from night sewage. The sewage takes a long time to pass 
through the osier beds, as the roots consolidate the ground. 

Sample No. 77.—This sample was from the same sewage as No. 76, and also from the same 
plot previously sewaged ; i.2., the sewage in the grips between the osier beds had not yet all 
passed through to the under-drains. 

Sample No. 78.—Subsoil water drawn from a trench sunk 3ft. Gin. deep. The water 
percolated into the hole through a stratum of very fine white sand, and was very milky in 
appearance. 

Sample No. 248.—Final lagoon effluent, after passing through three lagoons and filtering 
through to the under-drains. ffluent had a sewage and iron smell. The lagoons (three in series) 
had previously been treating sewage intermittently for one month. The plot had been sewaged 

-continuously for 18 hours before the sample was taken. 

Sample No. 2514.—Brook water taken above effluent outfalls. Brook in flood owing to recent 
heavy rains. 

Sample No. 251.—Final effluent from osier beds. These beds had been treated with crude 
sewage prior to passing through the’ settling tank. The beds had been sewaged intermittently 
throughout February (1901). 

Sample No. 252,—The land from which this effluent was taken had not been sewaged since 
February (1901). 

Sample No. 253.—This effluent was from settled sewage. 

Sample No. 254.—This effluent was from crude sewage. 

Sample No. 255.—Filtration effluent from lagoons. 

Sample No. 265.—This effluent was taken from the surface of the first lagoon just before 
entering the second lagoon. 

Sample No. 266.—This effluent was drawn in a similar manner to No. 265, but from the 
second lagoon. | 

Sample No. 267.—This effluent was a filtration one from the three lagoons. ; 

Sample No. 2674.—Brook and effluent taken 150 yards below the last effluent outfall. , 

Sample No. 2744.—Brook water above effluent outfalls ; some tan liquor was passing down the 
brook at the time. 

Sample No. 274,—Filtration effluent from lagoons. This sample and No. 267 were taken after 
some old land drains had been stopped. There appeared previously to be a chance of the sewage 
having gained admission to the effluent through these drains. 

ae pe No. 275.—Surface effluent taken from the third lagoon, in a similar manner to Nos. — 
265 and 266. nd 

Sample No. 2764.—Brook water a dirty colour, and a good deal of sewage weed in the bed and 
sides of the stream, 














the sewage is 
passed through 
or over the soil. 


No. of 
Sample. 





Number of times 
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ALTRINCHAM SEWAGE FARM.—TABLE Ii. 


Area of plot 


or plots sew- 
aged at the 

time of draw- 
ing sample. 





Domestic Sewage. 





Length of time 
these plots had 
been sewaged 

previously to 
drawing sample. 


Nature of crops 
grown on plots. 








™ Acres. 
if 65 *Once 2°80 *26 days 
{ - 66 Twice 1:0 7 days 
i (intermittently) 
67 
68 
s 69 Once 2°80 30 days 
"70 Twice 1:0 23 hours 
71 
72 
73 
4 
= 76 Once 2°25 94 hours 
e477 / Once 2-25 94 hours 
78 
48 3 times 2:50 18 hours 
250 “A 2°50 14 hours 
— 251A 
251 Once 5:0 5 hours 
+2518 3 times 2°50 10 hours 
| 252 Once 50 4 hours 
253 "9 5:0 11 hours 
254 es 4:0 4 hours © 
255 3 times 2°50 1 day 
265 Once 83 rs 
| 266 Twice 83 fe 
| 267 3 times 83 : 
267A 
274 x 2°50 : 
274A | 
275 * \ 2°50 2 days 
| 276 | . 2:50 " 
2764 





Arable—no crops 


Ridged arable 
(sown mangolds) 





Arable—no crops 
Ridged arable 
(sown mangolds) 


Osiers 
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Arable—no crops 


” ” 


Osiers 
Arable—no crops 


Ridged arable 
Osiers 
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Arable—no crops 


1 
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Remarks. | 





Lagoon liquor* (surface) cloudy greenish 
colour. Slight sewage smell. Sewage 
running on continuously by day and night. 

Final effluent (filtration). Iron film on sur- 
face, some red floceulent matter. 

Liquor from storm overflow. 

9 ”? 2 

Lagoon liquor (surface), cloudy. 

Final effluent (filtration). Sample taken 
after 4,000 gallons had passed on to the 
ridged land. 

Brook water taken above effluent outfalls. 

General effluent, turbid and reddish yellow 
colour. 

Brook water and effluents taken 175 yards 
below last effluent outfall. 

Brook water and effluents taken 250 yards 
below last effluent outfall. 

Final effluent (filtration). 
from night sewage. 

Final effluent (filtration). 
from night sewage. 

Subsoil water drawn 3ft. 6in. deep, milky 
appearance, apparently full of lime. 


This effluent was 


This effluent was 








Final effluent (filtration) after 
through 3 lagoons (in series). 

Final effluent (filtration) after passing 
through 3 lagoons (in series). 

Brook water above effluent outfalls, brook, 
in flood. 

Final effluent. 

Final filtration lagoon effluent (as Nos. 248 
and 250), red iron colour. 

Final effluent, iron smell. 

Final effluent, fairly clear. 

Final effluent, some red floceulent suspended 
matter. 

Final effluent (filtration) after 
through 3 lagoons (in series). 

Liquor (surface) from Ist lagoon. 

” ” ” 2nd 35 
» (tiltration).,, 3rd Ss 

Brook water taker 150 yards below last 
effluent outfall. Brook normal. 

Final filtration effluent from lagoons, deep 
yellow colour, iron film. 

Brook water above effluent outfalls, tan 
refuse coming down. 

Surface liquor from last lagoon, cloudy 
turbid colour, sewage small. 

Filtration liquor from last lagoon, yellow 
colour. 

Brook water taken below effluent outfalls, 
Water a dirty colour. 


passing 


passing 





Number of Sample. 





64 
75 


249 





264" 


Lagoon eftiuents. 


(65) 


oh (ARS) 
F250) 
*S(267) 
*, (274) 

276) 
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ALTRINCHAM SEWAGE FARM.—TABLE III. 





_ Domestic Sewage. 


SEWAGE SAMPLES. 








Time of drawing Sample. Nature of Sewage. 
10.15 a.m. Settled sewage. 
11.30 a.m. bp op 
10.45 a.m. as he 
12 (noon) fy ‘ 





Remarks. 


From catchpit or tank. | 


a 9) 3 13. 





ie ” 33 53 





,  * COMPARATIVE SAMPLES—TABLE IV. 


(or Samples taken from the same plots of land). 





Other effluents. 


(76) 


(77) 


* By ‘Comparative Samples” is-meant samples-drawn from the sam 
areas of land, and the effluents in brackets are comparable with e ach 
other so far as the area of land sewaged is concerned. 


+ These samples were from the surface liquor of the lagoon. 


* These samples were from the effluent which filtered to the < 
underlying the three lagoons. 
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ALTRINCHAM Sewace Farm. 
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Addendum B. 


ALTRINCHAM _SEWAGE FARM. 
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CROYDON (Beddington) SEWAGE FARM. 


(CROYDON CORPORATION. ) 


Situation of farm—Beddington, about 3 miles from Croydon. 
Total acreage of farm—673'5 acres. 
Total irrigable area.—420 acres. 
Average area irrigated at one time—About 70 acres. 
Population draining to farm—100,000. 
. per acre irrigated—238. 
Gallons of sewage per head per day—40. 
Dry weather flow of sewage per 24 hours—4,000,000 gallons. 


Gallons of sewage (exclusive of storm-water) treated per acre 
per 24 hours—57,100, (ey 


Gallons of sewage treated per acre per 24 hours, on the 
assumption that each acre of irrigable area is under sewage 
all the time. (This for purposes of comparison)—(*:° 99:9 °°) = 
9,500 gallons. 


Characters of the sewage—AlImost purely domestic. 


Method of treatment. 
(a) Croydon—screening, surface irrigation and a little filtration. 


(6) Norbury—as above, but slight settlement in tanks in 
addition. 


General characters ,of the soil and subsoil—Gravelly loam, 
over gravel and sand. 


Separate or combined sewerage system—Partially separate. 
The final effluent is discharged into—River Wandle. 


Number of years farm in operation before 1900—389 years, 
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CROYDON (Beddington) SEWAGE FARM REPORT 





SUMMARY OF CONTENTS. 





DESCRIPTION OF FARM 


Addendum A.—WNotes on Samples. 


Additional Notes on Samples, 





Table I—Shewing all samples drawn at the Croydon (Beddington) Sewage Farm, 
together with time of drawing, rainfall, temperatures, description of samples,. 
ete. 


Table [.—Giving area of plots from which samples were drawn, and the time: 
those plots had been sewaged, ete. 


t 
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Table II.—-Comparative samples. 


Table I1V.—Sewage samples. 





Addendum B.—Plans and diagrams referred to in report. 
I.—Plan of farm. 
IJ.—Plan referring to river samples, and section of soil and subsoil. 
I1l.—Diagram showing hourly height of sewage in main carrier. 
IV.—Temperature and rainfall chart—(1st visit). 
Ve a As a; = (2nd visit). 
VJ.— e * . (Experiment). t 


VII.—Diagrams shewing number of gallons treated per acre during the- 
experiment. 





CROYDON SEWAGE FARM (BEDDINGTON). 


(CROYDON CORPORATION.) 


Domestic SEWAGE. 


The sewage contains a small amount (about 2 per cent., or 80,000 
gallons per 24 hours) of laundry, brewer y, and butchers’ refuse, and is treated 
by screening followed by surface irrigation, and in parts filtration. The 
Norbury and Thornton Heath portion of the sewage in addition passes 
through small settling tanks. 

The farm overlies the geological formation known as the Woolwich and 
Reading beds. The surface soil consists in most parts of from 12 to 18 
inches of soil, varying from loam interspersed with gravel, to a somewhat 
lighter soil. (Add. B. II.) The subsoil varies, but if is chiefly grave] and 
sand of a depth of from 6 to 12 feet. Iron pan,. more or less impervious, 
occurs in parts. 

The farm has been used for sewage disposal for 39 years (1900). It is 
managed by the Croydon Corporation. 

The districts draining to the farm are Croydon, Thornton Heath, and 
Norbury. 


The average dry weather flow in gallons per 24 hours is :— 


Thornton Heath and Norbury — - - - 1,000,000 
Croydon - = , 4 : 3,000,000 
ToTAL- - - 4,000,000 


or 40 gallons of sewage per head of the population sewered. 
The population treated on the farm is :— 

Croydon — - - : : 

Thornton Heath and} NORDITY - : 25,000 


Porare i 100,000 (about) 


The drainage area of the districts sewered is 6,300 acres. 

The public water supply is about 28 gallons per head; the greater part 
is obtained from Corporation wells in the chalk, the remainder from the 
Lambeth Water Company. 

The streets sewered are chiefly macadam. 

About 51,000 w.c.’s are connected to the sewerage system. There are 
no privies. 

The average annual rainfall at Croydon was: 1881 to 1890, 22:89 
inches ; from 1891 to 1900, 24°70 inches ; and 1900 to 1901, 21:94 inches. 

The present condition of the Croydon sewers is good, and it is stated 
that there is not a great amount of subsoil leakage, the quantity depending 
chiefly upon the height of the water level in the Croydon Valley. 

The sewers are flushed with large automatic tanks, tipping tanks, 
flushing vans and hose. ‘There are no storm overflows whatever, and the 
whole of the storm water reaching the sewers is treated on the farm together 
with and the same as the sewage. 

. The separate system is used on about half the drainage area fe water 
from roads and front roofs ; back roofs, and back yards draining to the foul 
water sewers. 

All the sewage gravitates to the farm from two outfall sewers, with a 
combined capacity when running full of 5,814 cubic feet a minute. 

The Thornton Heath and Norbury sewer enters the farm on the N.E. 
and flows through two small settling tanks before passing on to the land. 
These tanks are in duplicate, each being 32 ft. longx 9ft. x1 ft. average 
depth, provided with screens and scumboards, and are both used together 
on the continuous method. They are too small in proportion to the present 
sewage fiow to effect much settlement. About 25 tons of wet sludge are 
produced at these tanks weekly, and it is carted on to the land aad 
ploughed in, The sewage on leaving the tanks branches into two channels 


leading to the irrigation plots. 
G25 | Gv.) E 
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At Brimstone Barn the Croydon sewage passes through one of Lathams 
patent solid sewage extractors. They are in duplicate, worked by a turbine, 
the sewage itself providing the motive power. The extractor may be briefly 
described as resembling a circular wire sieve, revolving on a horizontal axis, 
the sewage flowing through the meshes leaves the solids in the-sieve, and a 
revolving screw pushes the solid matter into a trough, from which it is 
removed to the farm and dug in. 

The Croydon sewage, after passing through the extractor, flows on to 
the farm without any further treatment. The average time the sewage takes 
to reach the farm is about two hours. On its arrival at the farm the sewage 
flows along main carriers constructed of concrete, and from 2 ft. to 4 ft. 6 in. 
wide by about 2 ft. 6 in. deep, running along the top of the plots to be irri- 
gated ; a wooden sluice is provided at any change of level, but as far as the 
ground allows, the carriers are laid level. (Add. B. IIL). The sewage flows 
from lips in the carriers on to the land. 

The flow of sewage in the various carriers is controlled and regulated by 
means of wooden sluices. 

On passing from the carriers the sewage flows down plough-cuts made 
about 50 feet apart and running down the plots, followimg the greatest fall, 
and the intervening ground between these plough-cuts or trenches is “‘ dished ” 
or hollowed, to cause the sewage to meet between them and thus irrigate the 
whole of the land. The trenches and the dishing run out before the bottom 
of the plot is reached, and a pick-up carrier is run along. the bottom of the 
plot, into which the effluent passes to be similarly re-treated over other plots. 
Tron and wooden stoppers are used in the trenches at intervals to divert the 
water on to the land. The sewage is treated from two to three times. The 
land has a very even slope towards the River Wandle, and is not lable to 
floods. There is not much subsoil water on the farm. The total area of 
farm is 673-5 acres, of which area 420 acres are actually irrigated. (Add. 
Daly: | 
ae area (excluding storm water} deals with 4,000,000 gallons of sewage 
per 24 hours throughout the year. With a population of 100,000 this gives — 
238 persons per acre of irrigable area, or about 9,520 gallons per acre, during 
a normal sewage flow. As about one-sixth of this irrigable area is under 
sewage at once, this is equal to 57,120 gallons of sewage treated per acre 
per 24 hours. 

Only about 100 acres of the farm are underdrained, the underdrainage 
being put in for the purpose of assisting the land to dry after the sewage is 
taken off. Until about 14 years ago there was no underdrainage. The 
existing drains vary in depth from 4 to 9 feet, and 4 to 24 inches in diameter. 
The distances between the drains differ; they are usually very wide apart. 
The drain trenches were filled in with the soil excavated. The drain effluent 
from the upper part of the farm can be repassed over the land lower down. 

In dry weather the sewage is run on to the land continuously for 24 
hours, which is then left to dry for from two to three days; during storms, 
however, it is often necessary to run the sewage on to the same land for 
from three to five days. The sewage is treated on the 5—and sometimes 4 
—land treatment ; that is to say, it passes over three or four separate plots. 
of land. Usually, but not invariably, the first field is-arable land. In frosty 
weather it is usually run over the ploughed land and the the rye grass which — 
is to be broken up. In the case of ice forming on the surface of the plots, 
the sewage continues flowing underneath it. Two main effluent outfalls 
convey the effluent to the River Wandle. The Wandle rises not far off 
Croydon, and is fed by springs in the chalk. The general condition of the 
river appears to be good, and there is evidently no nuisance derived from the 
mixture of effluent and river water. (The normal volume is stated to be 
about 24,000,000 gallons per 24 hours.) In wet weather this volume is 
greatly exceeded. The normal ratio of effluent to river water is about as 1 
to 8. 2 #5 

There is, as a rule, no objectionable smell noticeable in the working of th 
farm. Occasionally in hot weather a certain amount of smell is traceable 
to some of the carriers, caused by offensive matter being arrested by the. 
coarse herbage dipping into the carriers when not kept down sufficiently. 
The channel from the point where the sewage enters the farm is not 
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concreted for some distance and this renders effectual cleaning out a difficult 
matter, the bottom and sides being gravel and apt to become overgrown. 

The chief crop grown on the farm is Italian rye grass. In 1900 about 
one-half of the irrigable area was rye grass, 100 acres permanent pasture 
(which is also irrigable), and about 100 acres of arable land. Mangolds, 
cabbages, and oats are also grown; the oats cannot be sewaged. Part. of 
the crops are utilised on the farm premises and part are sold. 

The cost of treating 1,000,000 gallons of sewage, exclusive of storm 
water, and interest on loan is—labour and screening, 4s. 10d. 

The total capital outlay on the sewage farm up to the present date (1900) 
has been £210,366. 

For the past five years the average annual loss on the farm has 
been :— 


Bee ae 
Average annual loss on farm - - - 437 15 7 
Sinking fund and interest - . - nin ik A084 5 448 





Tota - £7,846 0 10 


The chief difficulties in the working of the farm are the selling of the 
crops, and also the disposal of storm water in time of storms, all being 
treated on the land. 

In heavy storms the sewage flow at the farm sometimes reaches 
16,000,000 gallons per 24 hours, or four times the normal dry-weather flow. 
In wet weather, too, solids are apt to be washed on to the rye grass in 
masses, where it is extremely difficult to get rid of; in addition, large 
quantities of grease and scum are washed out of the sewers. 


Notes ON TEMPERATURE, RAINFALL, etc. :— 


During the first visit to the Beddington farm (7th Feb. to 2nd March 
1900) the rainfall was very heavy, averaging "109 inch daily. Rain fell on 
sixteen out of twenty-four days. On six occasions the amount registered 
exceeded -25 inch, the greatest falls being -46 inch, 35 inch (rain and 
snow) and °32 inch. The weather was cold throughout the visit, the mean 
daily temperature being 4:2° C. (39°6° F.) 

The mean daily maximum temperature during the second visit was 
high, being 16°1° C. (61°F.), whilst the lowest recorded temperature was 
— 35°C. (31° I.) Heavy rain (42 inch) fell on 5th October. ‘The mean daily 
temperature during the experiment (22nd October to 6th November 1900)— 
was 105° C. (50°9° F.) The mean daily rainfall was 077 inch (See Add. B. 
IV., V., and VL.) 


ADDITIONAL NOTES ON SAMPLES. 


Samples, Nos. 37, 38, 39.—These samples were affected by the snow which fell two days 
previously, the fields irrigated being partially icebound, and covered with snow. 

Sample No. 43.—This permanent pasture contained a great deal of water grass at the lower 
end. . 

Sample No. 45.—River Wandle water takes 340 yards above effluent outfalls. River slightly 
above normal height owing to rain,—water slightly discoloured. 

Sample No. 46.—River water and effluent taken 130 yards below sample No. 44. Ratio of 
effluent to river water about as 1 to 12. No sewage weed apparently. (Add. B. II.). 

Sample No. 47.—River water and effluent taken 230 yards below sample No. 46. No 
apparent signs of sewage weed. This sample could not be taken any lower down the river owing 
to the Carshalton effluent outfall. 

Sample No. 150.—This first field had received too much sewage ; the rye grass was in fair 
condition. 

Sample No. i15Va.—iiver water about ettiuent outtalis,—very ciear ; river about normal. 

Sample No. 154a._-River water above effluent outfalls ; river very fine and clear. 

Sample No. 155.—The giving way of a brick culvert near the railway, and Soe an lifting 
of a sluice gate, may possibly have affected this effluent injuriously. 

Sample No. 153b.—River water and effluent taken 360 yards below effluent outfall; river 
clean and clear. 

Sample No. 156a.—River water above effluent outfall ; river very clear. 

Sample No. 16Ga.—River water and effluent taken 360 yards below effluent ontfall ; river 
rather high. 

6225 (iv.) E 2 
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EXPERIMENT. 


Two fields were chosen for this experiment, one arable field of 16 acres, and one rye 
grass field of 20 acres. The arable field was last sewaged on 8th October 1900. The rye 
grass field had been resting for a week. The field was ploughed 8 inches deep all over, a few days 
before the experiment began, and the soil seemed in a very clean condition. The last crop 
on this field was cabbages. The amounts of sewage put on were started at a constant flow (day 
and night) of 25,000 gallons per acre for the 16 acres per 24 hours, and this amount was increased 
daily by 5,000 gallons. The field was partially underdrained, and the filtration effluent was taken 
on to the rye grass field for second treatment. The sewage was turned on to the arable field on 
23rd October 1900 at 1l am. The sewage was kept running on continuously at a constant rate 
both day and night. There was a very small amount of subsoil water under both the arable and 
rye grass fields, but not sufficient to influence the experiment prejudicially. 


The sewage turned on the first day was rather dilute and very soapy. 

Sample No. 161.—25,000 gallons per acre per 16 acres going on. Sewage only fairly strong 
and very soapy. 

Sample No. 162.—Owing to there being only one carrier available for the entire field, only 
about 4 acres were being irrigated, the land absorbing a large quantity. 

Sample No. 163*—6 acres irrigated. The sewage from which the effluent was derived con- 
tained a large amount of black sewer scourings. 

Hardly any effluent going on to the second (rye grass) field as yet. 

Sample No. 163a.—Arable field effluent now going on rye grass field. Sewage very black, 
and full of scourings. 

Sample No. 163b.—This effluent, after leaving the arable field, had, in passing over the rye 
grass (1 acre), percolated through to the drains, the samples being drawn from a manhole. 

Sample No. 163c.—Sewage normal. 

Sample No. 163d.—Sewage about normal. 

Sample No. 164b.—Sewage very dilute (from rain) and soapy. Samples 164b and 165 were 
taken when the sewage was going on to the arable field at the rate of about 83,000 gallons per 
24 hours, or less than the usual dose of sewage the land receives ordinarily. The sewaging in the 
experiment had however been continuous, no rest being given to the fields. 

Sample No. 166.—Sewage rather strong. 

Sample No. 166a.—Taken about 360 yards below effluent outfall. 

Sample No. 167a.—Sewage strong. 

Sample No. 168.—Sewage soapy. 

Sample No. 169.—This sample was a surface effluent from the rye grass, taken at foot of 
field. 

After these last samples had been drawn, the sewage run on to the arable land was kept at 
a constant flow and then increased on 8th November to about 3,000,000 gallons per 16 acres per 
24 hours, and kept at that flow until samples Nos. 172 and 173 were taken. The fields which had 
been sewaged during the experiment were again sewaged after a.rest of 10 days, and had then 
recovered from the effects of the previous irrigation. 


* Note.—This is at the rate of 30,000 gallons per acre for 16 acres, or 480,000 gallons in all, 
but only 6 acres were actually receiving this quantity. For the sake of clearness a diagram is 
appended shewing the actual amounts of sewage treated per acre on both arable and rye grass 
fields. (Add. B. VII.) 
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CROYDON SEWAGE FARM (BEDDINGTON). 
TABLE II. 
DoMESTIC SEWAGE. 
EFFLUENTS. 
Number of Length 
times Area of of time those Nature 
Number | the sewage is| plot or plots plots had of 
of passed sewaged been sewaged REMARKS. 
through or at the time of previously crops grown 
Sample. over drawing Sample., to drawing A olots 
the soil. Sample. pea ee 
Acres. Days. 
| 
37 Once 21s20 oe | Ryegrass = : - | Only fairly clear. 
38 Twice 16°50 3 _ - - - = a 
39 Three times 7°50 3 Permanent pasture  - | Slight suspended matter, 
2. 
4] Once {| ae } 2 Ryegrass—- - - | Cloudy effluent. 
42 Twice 16°50 2 - - - - | Fairly clear effluent. 
43 Three times 7°50 2 Permanent. pasture  - | Very slight sewage smell. 

150 Once 18°50 3 Ryegrass = - - - | Effluent cloudy, sewage smell. 
151 Twice 8°80 3 Permanent pasture  - | Fairly clear, very slight sewage 
fi 18°50 ) smell. — 

153 Twice i 8-80 f 4 Ryegrassand permanent; Very slight sewage smell 
13°60 pasture. opalescent. 
154 Three en 16°50 - 1 Ityegrass and permanent| Very slight sewage smell 
7°50 J pasture, opalescent. 
13°60 | 
155 Three times- | 16°50 - 2 _ Ryegrass and permarent| Fairly clear, very faint sewage 
7°50 J pasture. smell. 
| 8°75 : 
155a Three times 18°75 1 | Arable and ryegrass, | No smell, clear. 
| 17:0 permanent pasture. 
156 Twice / a a } 3 Ryegrass  - - - | Clear effluent. 
20:0 | 
175 Three times 18°75 1 Arable and ryegrass, | No smell, and very clear, very 
17-0 permanent pasture. little suspended matter. 
‘13°60 
159 Three times 18°75 2 Arable and ryegrass, | No smell. 
17:0 J permanent pasture. 
13°60 
160 Three times Re cy fi) 3 Arable and ryegrass, | No smell, some suspended matter, 
170 permanent pasture. 
EXPERIMENT : 
162 Once 4 1 Arable(freshly ploughed) Filtration effluent. 
163 Once 6 ) iy : - B A 
163a Once 8 = rr 3 . 4 h 
163b Twice 8° &1° 3 Arable and ryegrass” - Pps effluent, very clear, no 
smell. 
163¢ Twice 9°& 1°5 | 4 * i ee effluent, very elear, no 
{ smell. a 
163d. Once if: 6 Arable only - - - | Filtration effluent. 
164 Twice 11° &2 6 ‘| Arable and ryegrass - a % 
164b Once. 14g 8 Arable only - - - ; ; 
165 Twice. LDP 8 - - - - 3 ; 
166 Twice. 13° & 2:5 10 - - - ; 3 
167a Once. 13°5 11 " - - ‘5 ‘ 
167 Twice 13°5 & 2:10 ll - - - - - ; 
168 Twice 15° & 2:25 13 : - 5 se 
169a Once a5: 14 a : Filtration effluent, strong sewage 
smell, turbid. _ 
169 Twice 15: & 2:25 14 : : - | Filtzation effluent and surface 
effluent. 
179, Twite 16° & 20° 17 a - -  -| Filtration effluent and surface 
effluent, no smell. 
173 Twice 16° & 20° 18 ee - . - | Filtration effluent and surface 
effluent, no smell. 
369 -— — — — General eflluent. 
370 Three times | 11:25 & 10: & 17: 1 Ryegrass’ - - Final Ba 
371 Three times |.11:25 & 10° & 7'5 1 * eran ies é. 
374 Twice 13°50 & 17° 2 is . 2 ae 33 
376 — — — = General __,, 
378 Twice 13°50 & 17° 3 Ryegrass~ - - - | Final Fe 
379 Twice 13°50 & 17° o - - - e 3s , 
380 — = = = General _,, \ 
382 Three times 7°,10° & 20:25 1 Ryegrass .- : - | Final . 
383 Three times TAO ee a 4 - : : ri eae 3 
384 o — — = General ) 
386 _ _ fo = i " 
387 Three times 7°,10° & 20:25 | 9 Ryegrass~ - - - | Final 3 ; 
388 Three times | 7:,10°&7°5 Faby fe F I 
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* The sewage is run on continuously both day and night. 
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Diagram Shewi hour ight of sewage in the main Carrier. 
i a a ee, ee Pe i en ee ee ee en a a Sa-2— pee, We ee en ee eS a ee eee er ee ee pe et — 
TUESDAY WEDNESDAY THURSDAY FRIDAY - SATURDAY SUNDAY | MONDAY TUESDAY 
Dec 34.4901. Jan .1.1902. Sarm.R 1902 Jar. 3.1902 Jan .4.. 1962 Jam. 6 41902. | Tarw.6. 1902. Sar. 7.7902. 
| 
Z Ee) en Sad Pe eee Ae Be ane ee Aan ee. Se a ee 1 Lp ee MME See ec ho Ses en 
er Dee ALL 70" 1 RAINFALL -10 PAINFALL | GF x _ RAINFALL ‘OO 1 ¥ RAINFALL |-/4 
: [i | | | 
; | 1 
1 | | : | | 
{ | ! ‘ 
4 | ae 
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: i 1 — 
{ j 
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| | : 
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i 2 = 2 = = = z “2 = = = = = “= 
<a < a < a < a < a < a < a 
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. Field Effluents. 


CROYDON SEWAGE FARM (BEDDINGTON). 


TABLE III. 


(Domestic SEWAGE.) 


* Comparative Samples or Samples taken from the same plots of land. 





2nd Field Effluents. 


3rd Field or Final 


REMARKS. 
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Effluents. 
f151) 154) *By comparative samples is meant samples 
(153 f 155 f drawn from the same areas of land, and 
the effluents in brackets are comparable 
with each other so far as the area of 
374 ee land sewaged is concerned. 
378 160 f 
379 
{ear 
{ 172 387 J 
173. 
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388 

















TABLE IV. 


SEWAGE SAMPLES. 






































fe Sorte Nature of Sewage. Time taken. REMARKS. 
36 Screened sewage 12.15 p.m. - - - - - Sewage rather dilute from melting snow. 
40 si - | 11.45 a.m. - - 2 - Sewage rather dilute from rain. 
149 Screened and settled | 11.45 a.m. - - = - Norbury sewage, about normal. 
152 eiteoned andsettled| lla.m. - - - - Sewage appeared coagulated. 
sewage. 
158 Sereened sewage - | 12 (noon) - - : - Rather dilute and soapy. 
161 a e 12.15 p.m. - : - - Sewage fairly strong and very soapy. 
164a is be - | 11.30 a.m. - - - - Sewage apparently about normal. 
372 as - -| 2pm. - - - - - Somewhat dilute owing.to iain. 
373 sf : - | 11.45 a.m. - - - F be 3 
377 eee ap - | 10.30 a.m. - - - - - 3 +e a 
381 a a 10.45 a.m. - - - - Sewage about normal. 
385 ig Pe 3p.m. - : - - - - 3 Ae 
24 hours’ sewage samples : 
“443 Screened sewage -/| ll a.m. Tuesday to 10 a.m. Wednesday | These samples were taken from the main 
carrier on the farm, after screening, the 
444 Hs x - | ll a.m. Wednesday to 10 a.m. Thursday sewage being in the same condition in 
é which it is applied to the land. 
445 a 11 a.m. Thursday to 10 a.m. Friday 
446 a 11 a.m. Friday to 10 a.m. Saturday 
447 A _ - | ll a.m. Saturday to 10 a.m. Sunday | 
448 “e ie -| ll a.m. Sunday to 10 a.m. Monday 
449 se “ - | 11 am. Monday to 10 a.m. Tuesday 
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CAMBRIDGE SEWAGE FARM. 


(CAMBRIDGE CORPORATION. ) 


. Situation of farm.—On the Milton Road about 3 miles from 


Cambridge. 


. Total acreage of farm.—102°5 acres. 


Total irrigable area.---74 acres. 

Average area irrigated at one time.—18°5 acres. 
Population draining to farm.—50,000. 
Population per acre irrigated.—675. 

Gallons of sewage per head, per day.—45. 


Dry weather flow of sewage, per 24 hours.—2,250,000 gallons. 


. Gallons of sewage (exclusive of storm water) treated per acre, 


per 24 hours.—121,600 = ( 250.000 ). 


Gallons of sewage treated per acre, per 24 hours, on the 
assumption that each acre of irrigable area is under sewage 
all the time. (This for purposes of comparison (2°) — 
30,400 gallons. 


. Characters of the sewage.—Mainly domestic (some brewery 


effluent). 


- Method of treatment. —Screening, settling tanks, and land 
_ filtration. 


. Gexeral characters of the soil and subsoil.—Sandy loam over- 


lying gravel and sand. 


- Separate or combined sewerage system/—Partially separate. 
. The final effluent is discharged into.—River Cam. 


16. Number of years farm in operation before 1900.—5 years 


(systematic working). 





CAMBRIDGE SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS. 


DESCRIPTION OF FARM. 


Addendum A.—Notes on Samples. 


Table ]—Shewing all samples drawn at the Cambridge sewage farm, together 
with time of drawing, rainfall, temperatures, description of sample, etc. 


Table II.—Giving area of plots from which effluents were drawn, and the time 
those plots had been under sewage, etc. 


Table II[I.—Corresponding effluents. 
Table [V.—Sewage samples. 


Table V.—Comparative effluents. 


Additional notes on samples. 





Addendum B.—Plans and diagrams referred to in report. 
I.—Plan of farm. 


II.—Section of soil and subsoil. 


II].—Diagrams shewing hourly variations in depth of sewage passing over 
tank cill during 48 hours. 


IV.—Diagrammatic plan and section, shewing plots under sewage. 
V.—Detail of carrier sewage outlets. 
IV.—Plan and section of effluent manhole. 

VII.—Plan referring to river samples. 


VIII.—Temperature, rainfall, and humidity chart. 
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CAMBRIDGE SEWAGE FARM. 


CAMBRIDGE CoRPORATION. 


(Domestic Sewage, with a smallamount of Brewery effluent.) 


The soil on this farm is gravel and sand, and the sewage which (with 
the exception of a small quantity of effluent from two breweries) is domestic, 
is treated by screening, settling tanks, and land filtration. 

The surface soil on the farm is composed of 12 inches to 15 inches sandy 
loam, overlying a somewhat compact stratum of gravel and sand, the gault. 
clay lying at a depth of from 7 feet to 12 feet from the ground level. (Add. 
B. IL.) About 2 feet to 2 feet 6 inches from the surface soil, a vein of sand 
impregnated with iron ‘occurs in parts. The subsoil water in dry weather 
lies at a depth of 6 feet to 7 feet from the ground level. | 

The present farm has been systematically in operation for sewage treat- 
ment since 1895 and is managed by the Cambridge Corporation. 

It is not liable to floods. 

The normal dry weather sewage flow is 2,250,000 gallons, or about 45 
gallons per head of the population draining to the farm, but about 40 per cent. 
of this is subsoil water due to faulty sewers. After heavy storms the sewage 
flow sometimes does not return to normal for some days, in consequence of 
the excess of subsoil water finding its way into the sewers. 

The districts draining to the sewage farm are Cambridge and Chesterton, 
with a combined population of 50,000. 

The area served by the sewers is about 1,500 acres, or 33°3 persons per 
acre. The water supply is about 24 gallons per head, obtained from wells in 
the chalk marl, greensand, and the chalk. There are a very few privies in 
the borough, and from these farmers fetch the night soil. The town is only 
partially on the separate system. All water from back-yards and roofs (back 
parts of) goes to the foul water sewers. The streets are principally macadam. 
The average annual rainfall at Cambridge for the past 36 years (1865-1900) 
is 21°02 inches. | 3 

The sewers are flushed quarterly with waterworks water. The whole of 
the sewage gravitates to the pumping station through a 4 ft. 3 in. by 
2 ft. 10 in. sewer laid at a gradient of about 1 in 870, its theoretical capacity 
running full being 2,060 cubic feet a minute. The sewage takes about one: 
hour to flow from the centre of Cambridge to the pumping station, a distance. 
of 14 miles. Le 

There are five storm overflows discharging into the Cam on either side 
of the pumping station ; they have only once come into operation during the 
last eight years; the sewage has to rise about 30 feet in the pump well 
before an overflow takes place, and this would back up the water in the 
outfall sewer, flooding some portions of the town. Up to 5,000,000 gallons. 
of sewage and storm water per 24 hours, z.e., a little more than twice the 
dry weather flow, have been dealt with by the pumps. Formerly during 
heavy storms, when the ground was already saturated, the storm water and 
sewage were pumped direct into the river. Now, however, all the storm 
water is treated on coarse clinker beds at the pumping station before passing 
into the river, consequently the amount received at the farm during storms 
is not greatly in excess of the normal flow, except that, as previously stated, — 
the after effect of the storm is felt by the increased subsoil leakage. 

On arrival at the pumping station, the sewage, after having first passed 
through a cage screen, flows into the pump well. The screenings are burnt. 
in the destructor. 

The pumping plant consists of two 80 h.p. tandem condensing engines, 
worked alternately for a normal sewage flow, each engine lifting 275 gallons. 
per stroke. <A 6-cell destructor is used for disposing of the town’s refuse,. 
and at the same time for supplying steam for pumping purposes. 

From the pumping station the sewage is pumped to the farm along a. 
24-inch cast-iron rising main 2 miles long, the sewage taking about 40 
ibaa to reach the settling tank from the pumping station. The lift is 

4 teet. 


The sewage on reaching the farm passes through the old lime-mixing 
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house (disused) and into the settling tank, which has been constructed 
from a maze, formerly used to incorporate the lime with the sewage. 

It will be advisable at this point to shortly explain this reference 
to lime treatment, as it has an important bearing on the history of the 
farm. The lime process was used for 2} years (commencing 1895), lime 
being added at a rate first of all of 15 grains per gallon, subsequently 
this amount was reduced to 11, 10, and finally 8 grains of lime per 
gallon ; this treatment was, however, eventually abandoned in November, 
1398, as it was found that the farm was rapidly becoming choked for 
filtration purposes. Since November, 1898, no chemicals whatever have 
been employed. 

There is only one settling tank, 61 feet by 39 feet by about 3 feet 
(average depth), with a capacity of about 45,000 gallons; or only about 
2 per cent. of the dry weather flow per 24 hours. (Add. B. IIL.) It 
is worked on the continuous system. This tank is cleaned out twice 
a week, the operation only taking about half an hour. 

The sludge is run into oblong sludge bays laying alongside of the 
carrier embankments, into which it is subsequently dug. It is also run over 
other portions of land where wanted, being kept off the area irrigated as 
much as possible. When lightly buried the sludge disappears in about six 
months. Approximately 35 tons, on an average, of wet sludge, are 
produced per week, but the quantity varies considerably. 

The sewage aiter settlement in the tank flows along the main carrier 
running down the centre of the farm, this carrier being formed of blue bricks 
and with half-pipe invert, in embankment. (Add. B. V.) 

The secondary carriers are similarly constructed and branch at right 
angles from the main carrier on either side, extending along the top side of 
the plots irngated. The settled sewage passes from the secondary carriers 
through sluices on to the land to be sewaged. The maximum and strongest 
sewage flow at the farm takes place between 11 a.m. and 2 p.m. 

The total capital outlay on the sewage farm up to the present date (1901) 
has been £23,000. 

The total acreage of the farm is 102°5 acres. (Add. B. I.) The area 
actually irrigated is 74 acres, exclusive of an additional filtration area now 
being prepared. The whole 74 acres sewaged are arable. This area (74 acres) 
takes (excluding the question of storm water) 24+ million gallons during the 
24 hours. With a population of 50,000 persons this is equal to 675:67 
persons per acre of irrigable area, or 30,400 gallons per acre (at 45 gallons 
of sewage per head). Approximately one-fourth of the total irrigable area is 
irrigated at one time, so that 121,600 gallons of sewage are treated per acre 
per 24 hours. The farm is laid out in plots of a convenient size ranging from 
about 3 to 6 acres each, and thay are laid out perfectly level, the carrier em- 
bankments forming an enclosure on three sides and the remaining side being 
banked up or fendered to retain the sewage which is only treated once 
through the land. (Add. B. IV). 

The practice followed in irrigating, is to flood the sewage on to the plots 
from the carrier outlets, running it on continuously night and day for about 
four days to a week, the plots then being allowed to dry as long as possible. 
In the case of two fields (Nos. 4 and 11) which are used as natural filter 
beds, manholes and penstocks are provided by means of which the sewage 
can be held in contact with the soil for some hours. (Add B. VI.) These 
plots are sewaged continuously for about six hours a day. 

Some plots which have been sewaged longer than others will not pass so 
much sewage owing to the scum formed on the surface, and therefore 
the sewage has to be shut off sooner from them, and other plots with less 
scum receive the surplus sewage. The surface scum has a beneficial effect, 
by checking filtration when the plot is becoming sludged up and so preventing 
the land from becomin;; sewage sick. When the land is sutticiently dry to 
admit of it, a light spring scarifier has been found of great assistance in 
breaking up this surface skin of sludge. Occasionally a “ stank ’™ is used and 
only a portion of a plot utilised for sewage. 








* By “stank” is meant a small embankment or “fender,” to retain the sewage within certain 
limits. 
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The entire farm is underdrained, chiefly 50 feet apart, and at a depth of 
from 3 feet 6 inches to 6 feet. On two plots, however (Nos. 4 and 11), the 
drains are only 165 feet and 14 feet apart respectively, with the view of 
increasing the rate of filtration. |The feeder drains are ordinary 4-inch butt 
land-tiles, connected up to 12-inch, 18-inch and 21-inch socketted stoneware 
master drains, which in turn are connected to a 24-inch main effluent outfall. 
The drains are chiefly laid herringbone fashion, and the filling above the 
drains on the greater portion of the farm consists of the soil excavated. Some 
of the plots of the lower part of the farm have air vents to the underdrains 
brought up to the ground level. As these are only brought up to slightly above 
ground level and not carried any distance above it, there is a danger of storms 
or other circumstances causing the sewage to flow from the surface of the 
plots directly down these air vents to the drains. In the case of the two 
closely-drained plots previously mentioned, the top 18 inches of the drain 
trench has been filled up with destructor clinker, and about 100 tons of fine’ 
destructor ash were ploughed into the soil of one plot (No. 4 on plan). This 
plot, which isnext to the liming house, received the greatest quantity of 
sludge during the time when chemicals were used, and in addition some 
sludge had been carted and dug into this land forming an almost* impervious 
stratum in one part of the field, and the ashes were put in with the object 
of remedying this. There is very little smell arising from the sewaging 
operations. 

Very few crops are grown on the farm. Those grown are kohl rabbi, 
mangolds, and horse corn, and they are sold. A large portion of the 
farm is always uncropped, @.¢., the soil is mainly used as a bacterial filter, and 
therefore in this respect the farm differs from the Nottingham Sewage Farm. 

There is no profit on the farm. 

The cost of 1,000,000 gallons of sewage treated is -— 


JF eS 
(a) Pumping - - - - I 9 7 (including the destructor). 


(b) Net cost of treatment on farm 1 0 1 


Lotales a) 5 ee 


The total working cost (from Lady-day, 1899-1900) to Cambridge and 
Chesterton for pumping and sewage treatment was £2,500 (destructor 
included), or under 2d. in the £ on the assessable value of these places. 

There is one main effluent outfall discharging into the River Cam a short 
distance below Baitsbite Lock. The river at this point has a normal volume 
of about 30,000,000 gallons per 24 hours, and a very slow current ; it 
appeared tobe in good condition. The volume of eftluent as compared — 
to the volume of the river is about as 1 to 15 normally. A small quantity of — 
sewage fungus was noticeable at times issuing from the main effluent outfall, 
which has a submerged outlet. 

At the time of the last visit to the Cambridge Sewage Farm some barges. 
were being loaded with a quantity of gas lime from the gas works which 
are situated close to the sewage pumping station, and a considerable 
quantity of this lime was lying on the river bed at this point. 

The farm appears to be very well managed. 

The chief difficulty in working the farm is to keep the top soil loosened, 
asit cannot always be ploughed in the winter. After ploughing, subsoiling 
with a scarifier has been found of great assistance. During summer the 
land is kept ploughed as frequently as possible. 

The efiluent does not appear to vary much in character. 


Notes oN TEMPERATURE, RAINFALL, ETC. 


During the visit to the Cambridge sewage farm (7th January to 6th Feb- 
ruary, 1901)—the temperatures were about the average for the time of year. 
Snow fell on five days, but not in any great quantity, whilst the rainfall was 
slight, with the exception of 27th January, when ‘22in. was recorded. Several 
frosts occurred, freezing the sewage standing on the plots.—(See Add. B. VIIL). 





* Some of this sludge, after having been buried about 18 inches deep for five years, resembled. 
a dense black clay. 
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TABLE ITI. 


* CorkESPONDING EFFLUENTS. 





Number of Samples. Remarks. 


-_— ) sels ee 
aN 
ie) 





Samples Nos.— 











201 and 202 * 2.e., Effluents corresponding te screened or settied sewage in 
205B and 205c each case: that is to say, that the effluent is taken 
215 and 216 some time after the sewage sample, to show as far as 
213 and 214 possible the degree of purification effected on that 
217 and 218 particular sewage. 

TABLE IV. 


SEWAGE SAMPLES. 


Domestic Sewage, with a small amount of Brewery effluent. 











ei Nature of Sewage. Character. Time taken. Remarks. 
201 Screened sewage - - ~- -— 12.20 p.m. | Taken before passing through settling tank. 
205B Screened and settled sewage - | Very weak - ey opaem: » after 5 MS 3 
213 3s : 4S Very dilute - 11.15 a,m. % 5 5 35 rf 
215 ” 5 ” ” ” ” 3 11.15 a.m. ” ” 2 ” ” 
217 3 5 Fairly strong - 2.30 p.m. , y, i Ad 9 
TABLE V. 


* CoMPARATIVE SAMPLES, or samples taken from the same plots of land 





Number of Samples. Remarks. 





No. 202 
», 203 
» 205C 
9. 210 
» 2il 
» 22 


*By comparative samples is meant samples drawn from the 
same areas of land, and the effluents in brackets are com- 
parable with each other so far as the area of land is von- 
cerned. 


» 216 
, 218 





6225 (iv.) G 


50 


Additional Notes on Different Samples. 


No. 201. Screened sewage not having passed through the settling tank, z.¢., only roughly sereened at the 
pumping station before being pumped : a weak sample, apparently containing a large quantity of subsoil water. 


No. 202. Corresponding final effluent to sewage No. 201: sample appeared very fairly clear and had : 
very faint smell on shaking. 


No. 203. The final effluent was from the same plot as No. 202 and was from a very dilute sewage; th 
plot was covered with a sheet of ice. ‘The sewage had heen applied continuously for 28 hours. ‘The sample wa: 
clear and had a very slight smell. Heavy snow (:08 inch melted) fell during the day, diluting the sewage. 


No. 204. General effluent: fairly clear, very slight smell, some suspended matter, probably affected bj 
the snow (-08 inch) during the day. 


No. 205, General effluent: as No. 204, but hardly so clear. 


No. 205A. River Cam water taken above the effluent outfall, river slightly above the normal height 
a clear sample, river apparently in fair condition. 


No. 2058. Screened and settled sewage: very dilute, a large amount of grease coming down. 
No. 205c. Corresponding final effluent to No. 205B ; ice disappeared from plot irrigated. 


No. 207. General effluent: slight iron smell, some flocculent red matter (sewage weed disintegrated ? 
probably washed from drains by increase of effluent following rainfall. 


No. 208. General effluent : slight iron smell on shaking. This is apparently a fair average sample of th 
general effluent for the time of year. 


No. 209. General effluent : some fragments of sewage weed, rather cloudy. Some of the plots becomin; 
rather thickly coated with sludge on the surface. 


No. 2094. River water drawn above effluent outfall, river normal: a clear sample, and apparently wel 
oxygenated. 


*No. 210. Final effluent : clear, no smell; plot with an average coating of sludge 2 inch thick (after Il 
days’ intermittent sewaging). 


No. 2104. Final effluent : clear, no smell; the sewage going on to the plot was much stronger thai 
usual, and of a dark brown colour. . 


No. 211. Final effluent: drawn when the effluent was running freely away from the drains. 


No. 212. Final effluent: as above, but after being held in contact with the land for 2} hours. The 
sewage running on to the plot sewaged was, however, apparently stronger from 1 p.m. to 2 p.m. than from 
ll am. to 12.30 p.m. ; 


No. 215. Screened and settled sewage : dilute. 
No. 214. General effluent: suspended matter, very slight smell. 


No. 2148. River water taken 100 yards below effluent outfall, river normal height: 6 ccs. oxygen if 
sample taken immediately below outfall ; 6°50 ccs. 90 yards further down stream. A fairly clear sample. 


No. 2148. General effluent: slightly cloudy, slight smell, some plots requiring a rest. 
No. 215. Screened and settled sewage: weak. 
No. 216. Final effluent: clear, no smell. 


+--- No. 217. Screened and settled sewage (strong) taken later in the day than previous samples to shew th 
hourly variations in strength. 3 


No. 218. Final effluent: clear, no smell, hardly any suspended matter. 


No. 219. Subsoil water taken from a land drain at the outcrop of the gault in a field in the neighbour 
hood of the farm, but which wasnot in such a position as to be affected by the sewage farm : apparently 
pure, no suspended matter, bright and sparkling. 


No. 220. Genral effluent : cloudy, slight smell. 


No, 221 General effluent: very cloudy, strong sewage smell, apparently worst effluent drawn from 
farm, snow (05 inch) stirred up silt from surface of plots at bottom of farm. | 


No 222. River water taken above effluent outfall, river normal (Add. B. vii.): 7 ces. by oxygen test. 


No. 223. River water and effluent taken 10 yards below effluent outfall: 5°50 ccs, by oxygen test. 


* This coating of sludge seemingly acts as the “felt” on the surface of a water filter. The sewage has a tendency 
to spread evenly over the surface of the plot, filtration apparently commencing when the head of water on the soil i 
sufficiently deep to overcome the resistance of the sludge. From this it would appear that the whole of the plot does its 
work more eouably than when this coating of sludge is absent. 
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q __MANHOLE FOR HOLDING UP THE SEWAGE _ 


1N CONTACT WITH THE SOIL. _ 
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CAMBRIDGE SEWAGE FARM. 


(RIVER SAMPLES.) 


Scale 25-344 Inches to One-Mile. 


SEWAGE FARM | 
Boundary coloured pink. 
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LEICESTER (Beaumont Leys) SEWAGE FARM. 


(LEICESTER CORPORATION). 


. Situation of farm—Beaumont Leys, about two miles from 


Leicester. 


. Total acreage of farm—1,699 acres. 

. Total irrigable area—1,350 acres. 

. Average area irrigated at one time—337 acres. 

. Population draining to farm—197,000. 

. Population per acre irrigated—146. 

. Gallons of sewage per head per day—36'8. 

. Dry weather flow of sewage per 24 hours—7,250,000 gallons. 


. Gallons of sewage (exclusive of storm-water) treated per acre 


per 24 hours—21,500 gallons = (728990°), 


Gallons of sewage treated per acre per 24 hours, on the 
assumption that each acre of irrigable area is under sewage all 
the time. (This for purposes of comparison)—(7 2,3,°,0° °) = 5,370: 
gallons. 


Characters of the sewage— Domestic about three-fourths, trade: 
refuse nearly one-quarter. 


Method of treatment — Screening, settling tanks, surface 
irrigation, and filtration combined. 


General characters of the soil and sub-soil—Stiff clayey soil 
overlying dense clay. 


Separate or combined sewerage system—Partially separate. 


The final effluent is discharged into—Anstey Brook flowing into 
river Soar. 


Number of years farm in operation before 1900 :—9 years. 


LEICESTER (Beaumont Leys) SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS, 


DESCRIPTION OF FARM. 


Addendum A.—Notes on Samples. 


Additional Notes on Samples, 





Table I.—Shewing all samples drawn at the Leicester (Beaumont Leys) Sewage Farm 
together with time of drawing, rainfall, temperatures, description of samples,ete. 


Table II. —Giving area of plots from which effluents were drawn, and the time those 
plots had been under sewage, etc. : 


Table I1I.—Comparative samples. 


Addendum B.—Plans and Diagrams referred to in report. 
I.—Plan of farm. 
II.—Plan referring to brook water samples, and section of soil and subsoil. 
Iil.—Pumping diagrams. 
IV.-—Diagram showing hourly depths of sewage passing over tank cills. 
V.—Temperature and rainfall chart—(first visit). 
VI.—Temperature and rainfall chart—(second visit). 
VII.—Temperature and rainfall chart-—(Experiment). 


VIIL—Diagram shewing number of gallons treated per acre during the experiment. 
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LEICESTER (Beaumont Leys) SEWAGE FARM. 


(LeIcesrER Corporation.) 


(Domestic Sewage and Trade Refuse.) 


The soil of this farm is clay. The surface soil over the greater portion 
ds of a stiff, clayey nature 6in. to 12in. deep over 2ft. 6in. to 8ft. of yellow 
‘clay overlying hard boulder clay and the keuper marl. (Add. B. II.) 
About 25 to 30 acres of the farm in the vicinity of the Anstey Brook 
sae of rather a better nature, having a certain depth of alluvial 
soil, 

The sewage, which contains a large amount of trade refuse, is treated 
by means of screening, settling tanks, surface irrigation and filtration 
‘combined. The farm is managed by the Leicester Corporation. 

eyine of the land has been somewhat lightened by ploughing in the 
sludge. 

There is practically no subsoil water on the farm. 

No cinders have at any time been ploughed in. Sewage has been 
‘treated on the farm for about nine years (viz., from September, 1890). 

The dry weather volume of the domestic sewage and trade refuse 
-combined amounts to (1899) about 74 million gallons per 24 hours, or 
-about 37 gallons per head. This volume is made up as follows :— 


Gallons. 

Domestic Sewage - é - 3,750,000 
Trade Refuse - - . - 2,000,000 
Well and Subsoil Water - - 1,500,000 
Total Q : - 7,250,000 


= The trade water comes from eleven dye works, ten wool scourers’ and 
:spinners’ works, two fellmongers, and one currier, and constitutes a little less 
‘than one-fourth of the total sewage flow. 
oe The dense trade liquor, Mr. Mawbey, the Borough Engineer, estimates 
-at half a million gallons. 

The sewage contains a large amount of fibre, apparently resulting from 
‘the wool scouring. 

Manufacturers are required to arrest solids only by settlement in small 
catch pits with gratings before letting the waste liquor into the sewers. 
When the catch pits have not been cleaned out for some time, the solids 
‘wash out into the sewers. 

Plans have to be submitted for all new work in connection with these 
catch pits. The refuse is turned into the sewers at any time convenient tu 
the manufacturer, and not equably. 

The area of the borough (1899) is 8.586 acres, with a rateable value of 
£783,386. 

The total population of the borough is (1899) 215,000 ; of this total * 
197,000 drain to the Beaumont Leys Farm, and the remainder to two other 
-smaller farms. 

The drainage area (built area) of the town draining to the farm is about 
1,970 acres, or one acre to every hundred persons. 

The public water supply is about 19 gallons per head, obtained from 
‘various gathering grounds in Leicestershire. 

The town is chiefly on the w.c. system, 37,000 w.c.’s being connected to 
the sewerage system. Privies and slop closets number about 4,838, of which 





* 10,000 persons on the pail closet system are included in this total of 197,000. This system 
is boing replaced by w.c.’s. | os 
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number 4,700 are pail closets. As at Nottingham, the house slop water 
drains to the sewers. The night soil is collected and sent in vans to the- 
country and sold. 

The system of sewerage in use at Leicester is chiefly the combined 
system For some years past the separate system has been carried out in all 
new streets, but the storm and surface water sewers have in many cases to 
be temporarily connected to the foul water sewers, until the completion of 
the separate system, thereby neutralising to a great extent the benefit of the 
separation. 

A large proportion of the Leicester streets are macadamised, and the- 
road detritus therefrom causes a large amount of sludge. 

Tn time of rainfall, and particularly after a fall of snow, this road grit is 
washed into the street gullies, and a large proportion of it finds its way into- 
the sewers, some being carried at once to the settling tanks at the sewage- 
farm, and some remaining in the sewers until the next storm washes it ont, 
or until it is removed by the sewer cleansing machines. 

The average rainfall per annum at Leicester for the past six years is. 
shown in the table below. 





Inches. 
1893 Sige eee 
19040) dey ee ead 
: eye : : hace Gaugings taken with a 5in. gauge. 
ISO7 pe quack Waatlane Lneo 
1898 0 cue EGET 





119°63 





Average for six years = 19-94in., or about 20in. per annum. 

The present sewerage system is in good condition, and there is very 
little subsoil leakage ; main intercepting sewers of recent date were completed 
in 1892. 

The brick sewers are flushed by an automatic cleansing machine 
driven through the sewers, the motive power being provided by the head 
of sewage backed up behind the machine. 

Pipe sewers are cleansed by flushing manholes, provided with quick- 
lifting penstocks. 

The main gravitation outfall sewers to the storm overflow chamber, 
consist of two 6ft. 9in. by 4ft. 6in. sewers ; and from the overflow chamber to- 
the pumping station one 5ft. diameter cast-iron circular pipe is employed. 

The gradient of this 5ft. outfall sewer is 1 in 600, and its capacity 
running full 5,458 C.F.M. 

The whole of the sewage gravitates to the pumping station, the 
average time the dry weather sewage takes to reach the above point. 
from the centre of the borough being about 12 hours. 

The main storm overflow weir is placed in a large storm overflow 
chamber, near the pumping station, a culvert 8ft. in diameter and 3g 
miles long conveying the storm water to the River Soar, near Wanlip. 

There are, in addition to the above, seven local storm overflows. 
situated in various parts of the borough, and discharging into the canal. 
and the River Soar. 

The main storm overflow comes into action when the. combined 
volume of sewage and storm water passing to the pumps exceeds twice 
the dry weather flow; that is to say, that twice the dry weather flow 


is lifted by the pumps to the farm and there treated, and the remainder 
passes-off by: the main storm culvert. 
This culvert comes into operation, on the average, sixty times during 
the year. The Corporation are required by Act to pump up to 60 
gations per head per day to the farm, but pump more. | | 
_ The local overflows work when the rainfall exceeds the rate of Qin. 
per 24 hours, or din. in 14 hours. 


The sewage on arrival at the pumping station passes through two: 


Or 
Or 


‘movable iron gratings or screens with #in. spaces, to arrest matters likely 
‘to injure or clog the pumps, the screenings being carted away and sold. 
After passing these screens the sewage flows at once to the pump well, and is 
lifted to the farm by four engines. (Add. B. II.) 

The quantity each engine will lift is about 200,000 gallons per hour, 
or 800,000 gallons when all four engines are used together. 

The rising mains from the pumping station to the farm consist of two 
33in. diameter cast-iron pipes, terminating in bell-mouthed outlets, 3ft. Qin. 
i diameter, discharging into the settling tanks on the farm ln miles 
- distant. 

The height the sewage is lifted is 169-5ft., and the time the sewage takes 
to reach the tanks from the pumping station about one hour. 

The settling tanks are placed on the highest point (about the centre) of 
the farm, and are very small in proportion to the volume of sewage treated. 
They are three in number, and are all used simultaneously, except during 
cleaning operations. The size of the settling tanks is, each, 98ft. 6in. long by 
-about 6ft. deep (average depth), one tank being 63ft, wide and two 63ft. 
104in. wide, built of Staffordshire blue bricks in cement. Scumboards 18in. 
. deep and 1din, thick are fixed at the foot of each tank. 

Each tank has a capacity of 200,000 gallons (or one hour’s pumping of 
“one engine), giving a total combined capacity of 600,000 gallons (¢.¢., less than 
10 per cent. of the normal dry weather fiow). (Add B. IV.) They are worked 
-on the continuous system, no chemicals whatever being used, and are cleaned 
out once in three weeks by means of a steam-driven chain pump. The tank 
effluent is drawn off by valves placed in the corner of each tank, the sludge 
gravitating to, and being lifted from, the sludge slump into the carriers and 
emptied on the sludge areas, or sludge lagoons ifempty. Some of the sludge 
from the lagoons is sold to farmers, and some is ploughed into the land. 
Owing to the great length of time the sludge takes to dry sufficiently for 
carting away, the sludge in the lagoons is apt to create a nuisance, especially 
‘in hot weather; the isolated position, however, of the tanks and sludge 
lagoons renders this less objectionable than would otherwise be the case, 
except in their immediate vicinity. The tanks remove as sludge about one- 
half of the suspended solids in the sewage. A thick fibrous scum of from 
gin. to 15in. thick forms on the surface of the tanks, particularly in hot 
weather and in the absence of wind. 

The sewage is taken from the settling tanks along main carriers 
constructed of blue brick in cement, and provided with sluices at intervals 
for turning the sewage on to the land, or into the subsidiary carriers. Pipe 
-earriers are also employed for distributing the sewage, and contoured grips 
-on the pasture land. Where a sudden change of level takes place in the 
carriers, ramps are provided. 

The cost of preparing the land up to the present date (1899) has been 
£58,900, inclusive of all constructional works on the farm and road-making. 

The total cost of sewage disposal works, including farm, rising mains, 
and pumping station, was £279,676. 

The method of irrigation is to send the settled sewage over one arable 
field, and then over one or more pasture fields. Whilst the tanks are being 
‘cleaned out (this is usually done on a Monday, as the trade refuse is less or 
that day), the crude sewage goes on to the land, and where the grass. plots 
-sewaged lie at some distance from the tanks, the settled sewage is sometimes 
run on to the pasture land direct (¢.e., not having previously passed over az 
_arable field), a good deal of sedimentation havi ing taken place in the carriers, 
-and the grass is, therefore not damaged. After ploughing, some of the land 
is steam cultivated about 12in. to 15 in. deep, and takes much more sewage 
subsequently. The steam ploughing removes the effects produced on the 
land by the horses’ feet, and lightens the soil considerably. 

The total acreage of the farm is 1 ,699 acres. The total area actually 
irrigated is about 1, 350 acres, of which area about 902 acres are pasture and 
448 arable. | 

This area has all been ir rigated at one time or another; but one or two 
fields are now kept to turn horses and bullocks into, and are uuu irrigated. 

About 350 acres are utilised for grazing ak taney at times testy ‘the 
-ceattle cannot all be upon the sewaged land. 
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This area of 1,350 acres deals with 74 million gallons per 24 hours: 
(exclusive of storm water). The population being 197,000, this gives 146 
persons per acre of irrigable area, or 5,370 gallons per acre (at 36:8 gallons of 
sewage per head, inclusive of trade refuse). | 

Approximately, one quarter of the irrigable area is under sewage at one: 
time, and this gives about 21,000 gallons of sewage treated per acre per 
24 hours. 

The average number of gallons of settled sewage treated per acre per: 
24 hours on the arable land is about 64,000, and subsequently on the. 
pasture land about 32,000, that is to say, that the pasture land employed at: 
one sewaging is approximately double the area of the arable land so used. 

The land was prepared for receiving sewage in the following manner :—. 
The old ditches were deepened and cleaned out to form main effluent drains. 
to the streams, and the underdrains of each field have separate outfalls. 
brought out on the surface of the next lowest field, and so arranged that a. 
bad effluent reaching the drains through the clay can be re-treated a second 
or third time on other areas as may be required. 

This is left to the discretion of the watermen, but as a rule an effluent: 
is not sent off the farm until it has been treated at least twice. 

The underdrains are ordinary agricultural butt tiles and are laid from. 
24ft. to 99ft. apart, averaging 4ft. in depth. Where additional underdrains. 
are now required they are put in at a depth of 3ft. Two fields are drained. 
8ft, deep. 

The diameter of the underdrain yaries; 4in. to 6in. master drains are: 
employed. 

Formerly, the drains, when made, were filled in with top soil only; they 
are now filled in with the same soil as that excavated. 

The general system of underdrainage may be spoken of as being effected. 
by means of 4in. butt land tiles connected to a 6in. master drain laid along: 
the lowest sides of the field. At the lowest corner of the field this 6in. 
master drain is provided with a valve chamber and outfall on to the next. 
field below, so that the drain effluent can, |if necessary be re-treated on the: 
surface, or turned into the ditches, if adequately purified. If the plots under’ 
irrigation are large and long, only two might be used, if, per contra, small, 
then three or even four plots might be employed (7.¢., double, treble, or: 
quadruple land treatment is used). Surface effluents are carried across the: 
ditches where necessary by means of a trough.* 

The contour of the farm lends itself to this mode of treatment. The 
land being drained, horses can be got to work much sooner after sewaging than: 
would otherwise be the case. 

The land cracks badly in hot weather. 

In the case of the Beaumont Leys sewage farm, the system of under-- 
drains described above answers well, owing to the facility with which the: 
effluents can be picked up and re-treated, this being assisted by the con-- 
formation of the land. | , 

In a flat clay district, however, this would be impracticable without. 
pumping ; and consequently there would be the danger that the effluent. 
would escape to the brook or river, imperfectly treated. 

About 330 to 350 acres are irrigated at one time, this area being 
generally made up of about one-third arable and two-thirds pasture. 

The sewage as a rule goes on the same plots continuously day and night. 
for about 14 days; this to some extent tends to stop the cracks in dry 
weather, but on the other hand it sometimes has a tendency to overdo the- 
land, and possibly good results might be obtained by sewaging, say for 7 days. 
continuously, and after that only employing night sewage (12 hours) for the- 
remaining period of 7 days. 

About 1,111 acres of land are cropped at Beaumont Leys. Of this area. 
910 acres are irrigable, and consist of roots, wheat and oats; 20 to 30 acres. 








* As in the case of Rugby the proportion of surface and filtration effluent varies greatly. 
Under ordinary circumstances the surface and filtration effluents are approximately equal when 
a field has been sewaged, say, for 3 or 4 days and there has been no rain. After this, the surface - 
effluent usually preponderates, cracks in the ground silting up by degrees On the other hand, 
when a field has not been sewaged for some time in dry weather, the whole of the effluent is. 
from the underdrains, until the sewage reaches the bottom of the field. 
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of wheat are usually grown for thatching purposes ; 600 acres of hay were 
cut in 1899. 

Mangold wurzels are also grown, but rye grass constitutes the principal 
crop. 

Nearly all the mangolds are consumed on the premises ; the rye-grass is 
used on the farm and supplied to the town (Corporation) horses. With the 
exception of mangolds (which are occasionally sewaged in hot weather to 
start them), permanent pasture and rye-grass, the crops are very rarely 
irrigated when growing. 

A large herd of bullocks is kept on the farm, frequently as many as 
1,000 at a time, and these do considerable damage to the irrigation land, 
treading in the heavy soil, and forming pockets for the sewage to stagnate 
in, when the area is being dried off. They have access to the effluent on the 
old pasture, which, however, is usually after the second application. The 
operations attending the removal of the sludge from the settling tanks take 
some time, and are attended by considerable smell, and this nuisance is 
accentuated in hot weather; the smell, however, does not reach a great dis- 
tance from the tanks, except in damp, foggy weather. About 86 men are 
required to work the farm in winter and about 130 in summer. 

There is a loss of several thousand pounds annually on the year’s 
working, the loss for the year ending March 31st, 1899, being £7,748 
(exclusive of interest on loan). 

The cost per 1,000,000 gallons of sewage treated is :— 

For pumping - - - - : - £1°602 

For treating on farm - — - : ; - £2°860 
——— (exclusive of 
£4:462 interest on 
——-— loan.) 


Twenty men are constantly employed in looking after the distributio” 
of the sewage, in addition to the head waterman. 

The chief difficulty experienced in working the farm is the disposal of 
the sludge, on account of the long time it takes to dry sufficiently to admit 
of removal, and the large area of land which has to remain uncropped in 
consequence of the necessity for reserving a place for the deposit of some of 
this sludge. 

There are six effluent outfalls from the farm, five of which discharge 
into the Anstey Brook—which joims the River Soar later on—and one to 
the River Soar direct. 

In summer the volume of the Anstey Brook is sometimes less than the 
combined volumes of the several effluents from the farm. 

The Anstey Brook at the time of the visits to the farm—(November, 
1899, August and September, 1900, and October, 1901)—appeared to be in a 
clean state ; the stream has a fairly rapid current in places, with a gravelly 
bottom and an abundance of weeds and green growths. Holes occur in 
places from 3ft. to 6ft. deep and some of these contain fish. The brook 
contained a fair amount of dissolved oxygen. The effluent from another 
small farm close by runs into the brook below the Leicester outfall. There 
was no smell or sewage fungus noticeable. 


Notes ON TEMPERATURE, RAINFALL, ETC. 


The mean daily rainfall during the November visit was ‘46 inch. The 
only rainfall of any note occurred on the 7th and 10th November, 1899. 
The mean daily maximum temperature hone at 9 am. was 10°7° C. 
(51°3° Fahr.), the mean daily minimum 3'6° C. (38°6° Fahr.), and the mean 
daily temperature of the settled sewage coming from the tanks at 12 o’clock 
(noon) 13°8° C. (57° Fahr.). 

In the summer visit (August and September, 1900), the mean daily 
rainfall was 048 inch during 22 days, the mean maximum and minimum 
for the period being 20°4° C. (68°86° Fahr.), and 8°5° C. (47:31° Fahr.) 
respectively. During the experiment the mean daily rainfall was very low, 
being only ‘009 inch, maximum temperature 21°1° C. (70:17° Fahr.), and 
minimum temperature 7°3° C. (45°29° Fahr.). 
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The ocaiy rainfall of any consequence during the above two periods 
was on August 23rd when ‘63 inch occurred during the 24 hours, 
(See Add. B. V., VI, and VIL). 





ADDENDUM A. 
LEICESTER SEWAGE FARM. 


(Domestic Sewage and Trade Refuse.) 





Additional Notes. 





Sample 1.—Taken after heavy rain, and rather dilute. 

Sample 2.—Surface effluent means one which has travelled over the surface of the land 
and has not reached the underdrains :—.After the sewage hac passed over the first field, all samples 
were almost invariably surface and filtration effluents, as these effluents are collected 
in a manhole at the lowest point of the first field and sent on to the next field mixed 
together. (No. 2 sample contained some suspended matter and was slightly turbid.) 

Sample 3.—Taken during a sharp shower which apparently affected the effluent as regards 
suspended matter and turbidity. 

Sample 4.—General effluent. The sewage from which this effluent was derived was very 
soapy. 

Aang 5.—Subsoil water taken from a high portion of the farm which had never been 
actually sewaged within 50 yards. (The sample was from a small sandy stratum in the 
Boulder Clay.) 

Sample 6.—Water rather turbid at time of drawing. (Taken 80 yards below effluent outfalls.) 

Sample 7.—Screened and settled sewage ; normal. 

Sample 124.—Screened and settled sewage. (The tanks had been cleaned out the day 
previous to drawing samples, and the settled sewage appeared to contain less suspended matter.) 

Sample 126.—The grass land this effluent came off was in very good condition. 

Sample 127B .—Brook very low ; water clear. 

Sample 128.—Sewage rather strong. 

Sample 1304.—Brook low. 

Sample 131.—Final effluent turbid ; some: fragments of straw. (Bullocks in field probably 
stirred up some sediment.) 

Sample 132.—General effluent taken from two general effluent outfalls, both flowing at 
about the same rate. (Half a sample bottle taken from each outlet.) mi 

Sample 133.—Brook about normal and very fairly clear. (Taken 16 yards above effluent 
outfall.) (Add. B. IL). 

*Sample 134.—A fairly clear sample. (Taken 20 yards below effluent outfalls. ) 

*Sample 135.—A fairly clear sample. (Taken 180 yards below effluent outfalls.) 





EXPERIMENTS. 


The following samples were taken with a view to ascertaining by daily increased doses of 

sewage the limit of the purifying power of the soil. The daily increment being about 3,000 
allons. 

; Sample 136.—When this sample was drawn the tanks were being eleaned out and only one 
was in use instead of three. The sample did not appear to be particularly strong. 

Sample 137.—Final effluent, fairly clear. The sewage was run over an arable field first (6°5 
acres) and then on to a pasture field (10°5 acres) total 17-0 acres. The arable field was stubble 
and there was very little grass on the pasture field, the bullocks only having been taken off that 
day. The dose of sewage was started at about 200,000 gallons for the 17 acres per 24 hours on 
September 10th 1900 at noon. 

Sample 137.—Owing to the small amount of sewage being applied only about 2 acres of the 
arable and 4:5 acres of the pasture were covered by the sewage ; the effluent then reaching the 
drains through cracks in the soil, and could only be obtained after mixing with an effluent from 
another field. 

Sample 138.—This sample was drawn before having mixed with the other effluent. About 
2°5 acres arable and 4°5 acres pasture were now covered by the sewage. 

The effluent did not appear to be good. About 265,000 gallons of sewage were being sent on 
to the area. + Owing to the dryness of the soil, it was thought advisable to soak the land 
thoroughly, that being the method usually employed in irrigating the land, and on September 
13th (noon), 900,000 gallons of sewage per 24 hours were put on the land for three days, 3-5 
acres arable and 4:75 pasture being covered on September 14th, and the grass appeared to have 
benefited considerably where irrigated, 

On September 15th, 4°75 acres arable and 4°75 acres pasture were being irrigated, and a large 





wicca dt lige lel eee ch 
* Note with regard tu the above samples, it appeared likely from the nature of the soil adjoining the 
brook that percolation of effluent from the farm might under certain circumstances find its way into the 
orook at various points. 
+ When small quantities of sewage are run on to land, the sewage nearly always has a tendency to follow 


certain defined cnannels, but when the entire surface has been thoroughly wetted, the sewage flows over the 
surface far more evenly. 
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quantity of surface effluent was flowing from the grass land, which had greatly improved in 
appearance. ‘The effluent too appeared better. 

On September 16th the whole 6‘5 acres of arable and 5 acres pasture were being irrigated, and 
some surface effluent was flowing off the arable. The flow of sewage at noon was cut down from 
900,000 gallons to 200,000 for the entire area. 

Sample 139. September 17th.—There was not much effluent coming off the pasture land ; and 
it did not appear to be very good. The flow was inereased to 250,000 gallons at noon. 

Sample 140. September 18th.—There was still very little effluent coming offthe pasture. A 
clearer sample than No. 139. Sewage flow increased to 300,000 gallons at noon. 

Sample 141. September 19th.—This sample was not so yellow in colour as the previous ones, 
and had very little smell. A good crop of grass on the irrigated portion. Sewage flow increased 
to 350,000 gallons at noon. 

Sample 142. September 20th.—A clearer sample than previously. Sewage flow increased to 
400,000 gallons at noon, 

Sample 143. September 21st.—This sample did not look so good as the preceding one. This 
may perhaps be accounted for by the fact that the arable land effluent was removed to another 
portion of the pasture land, in order to give the part previously sewaged a rest as it was becoming 
over sewaged, This would be equivalent to starting a new field. ‘There was an exceedingly poor 
crop of grass on the non-irrigated portions of the field. Sewage flow increased to 450,000 gallons 
at noon. 

Sample 144. September 22nd.—This sample of effluent seemed very bad, probably owing to a 
new piece of pasture land being irrigated. Flow increased to 500,000 gallons at noon. 

Sample 1444. September 23rd.—The effluent appeared clearer than the day previous. Flow 
increased to 550,000 gallons at noon. 

Sample 145. September 24th.—The effluent seemed improving, very slight smell. Grass 
commencing to grow well. Flow increased to 600,000 gallons at noon. 

Sample 146. September 25th.—Hffluent had a slight smell. The grass appeared to be 
d¢seriorating, the amount going on appearing to be about the limit the grass land can take with- 
out injury. Flow increased to 650,000 gallons at noon. 

Sample 147. September 26th.—The effluent appeared better. A vast quantity of small white 
worms in the sewage, and also in the effluent. Those in the sewage varied in length from } inch 
to 4 inch and those in the effluent were about ,,th in. long. Flow increased to 700,000 
gallons at noon. 

Sample 148. September 27th.—Not much change in the effluent apparently, the grass not 
looking so well, and much sediment round the roots. Note.—A diagram is appended shewing the 
actual amounts of sewage treated per acre.—(Add. B, viii). 


End of experiment. 


Sample 350.—First field effluent, turbid and strong sewage smell. Owing to the tanks being 
cleaned out, some sewage was being pumped directly on to this field, stirring up the silt. 

Sample 354.—General effluent, very yellow colour. This is especially noticeable when bullocks 
have been upon the irrigated area, and the grass bruised and trampled upon. 

Sample 356.—General effluent, very frothy on being shaken. 

Sample 358.—First field effluent, a lot of suspended matter coming off the arable field. 

Sample 362.—First field effluent, black and septic looking. 

Sample 365.—Settled sewage, after heavy rain, not much sediment. 

Sample 366.—Some flocculent suspended matter. 
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LEICESTER SEWAGE FARM. 





TABLE II. 


(Domestic Sewage and Trade Refuse.) 
Table of Samples other than Sewage. 





b 
b 
... | Number of 
rN 


Area of Plot | Length of Time 











: or Plots those Plots had 
© of ies the Sewaged at | been Sewaged 
: rite birt the time of previously to 
1 3 a il hat he Drawing Drawing 
ag . = Sample. Sample. 
a Acres. 
» 2 once 13°59 *38 days 
. : 14°E9 
3 three times { 11°30 } 38 days 
: 8°57 e 
4. twice { 16-90 } 27 days 
5 
6 
8 once 6°87 32 days 
9 twice 10°7 32 days 
125 once 6°34 12 days 
7 
126 twice 16°90 12 days 
127A once 19°18 13 days 
1278 
e327 twice 22-95 13 days 
128A once 19°18 18 days 
m 129 twice 22°25 13 days 
© 130. 
| s 19°] 2A (Bh 
; 13 ays 
ih twice {| 395 21 days 
382 
133 
y 
im 
a 
; 35 
- a 3 
a petseiieos 4 105, ib. aay 
138 rf fr 2 days 
«139 - a 7 days 
140 ‘ a 8 days 
S141 - + se 9 days 
142 | i +; 10 days 
143 | * Ns 11 days 
144 y . 12 days 
1444 4 _ 13 days 
145 sd a 14 days 





Nature of Crops 


Grown on Plots. 


Remarks. 





Arable—no crops 


Permanent 
pasture 


Arable and per- 
manent pasture 


Arable—no crops 





Sample consisted of surface and filtration 
effluent. 


Very slight sewage smell; rain during 
drawing of samples stirred up sediment on 
fields somewhat. Surface effluent. 


General effluent, slight sewage smell. 


Subsoil water, drawn 7ft. 6in. deep from sand. 
partings in the Boulder clay, chalky 
appearance. 

Water from the Anstey brook, drawn below 


outfalls Nos. 1 and 2. (Brook rather 
high). 

*Slight sewage smell. Surface effluent and 
filtration effluent All fields sewaged 


continuously, both day and night. 








Permanent Surface and filtration effluent, very little 
pasture smell, 
No crops Surface and filtration effluent, slight sewage 


Permanent 
pasture 
Fallow—no crops 


Permanent 
pasture 
Fallow—no crops 
Permanent 
pasture 


Fallow and _per- 
manent pasture 








Fallow and per- 
manent pasture. : 


smell. 

Surface and filtration effluent, very slight 
sewage smell. 

Surface and filtration effluent, slight sewage 
smell. 

Water from Anstey brook above the effluent 
outfalls. (Brook rather low.) 

Surface and filtration effluent. 


39 99 9 


” 99 ” 


Water from Anstey brook above the effluent 
outfalls, volume of brook about 1°5 
million gallons per 24 hours. 

General efflusnt. 

Surface and filtration effluent (final), sewage 
smell, 


General effluent about 1,000,000 gallons 
he per 24 hours. 

Water from Anstey Brook above effluent 
outfalls ; brook about normal. 

Effluent and brook water 50 yards below 
Sample No. 132. 

Effluent and brook water 600° yards below 
Sample No. 134. 





Filtration sample, no surface effluent. 


Filtration and surface effluent. 


” fs ” ‘ ” after fields 
had received a soaking of sewage. 
Filtration and surface effluent. 


” ” Effluen: 


very. bad. 
Filtration and surface effluent. 


” ” ” 











LEICESTER SEWAGE #ARM.—Cont. 


Area of Plot 
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TABLE II.—Cont. 





Length of Time 
those Plots had | Nature of Crops 
been sewaged 
previously to 
DrawingSample. 


20 days 
21 days 


10 days 


22 days 
23 days 


12 days 
23 days 


13 days 


24 days 
14 days 





Table of Samples other than Sewage—Cont. 


Grown on Plots. 


Fallow; no crops 
Rye grass and 
permanent pas- 
ture. 
Permanent 
pasture. 
Fallow and per- 
manent pasture. 


” 9 
Fallow ; no ‘crops 
Fallow, Rye, 


and permanent 
pasture. 


”? ” 
Fallow; no crops 


Fallow, Rye, and 
Permanent Pas- 
ture 


” ” 
Fallow ; no crops 


Fallow, Rye, and 
Permanent Pas- 
ture 


” 9 





Remarks, 


Surface effluent, sewage smell. 
Surface efiluent. 








i 
Surface effluent, a clear sample. 
Surface effluent. General effluent. 
32> 3° 3° > H 
° ”? ” go: ‘ 
-urface effluent. or 
>, and filtration. 


Surface effluent. # 
Surface and filtration effluent. — 
Surface and filtration effluent. G 


effluent. 
Surface effluent. 


Vous 
‘ 


Surface and filtration effluent. _ Ne ae, 


Surface and filtration effluent. Gener 
efiluent. Ru 








Number Number of or Plots 
Times the Sawnvediay 
of Sewage was the tise of 
passes One Drawing 
Sample. the Soil. Sample. 
Acres. 
350 one3 19:28 
351 twice 1277, 
352 3 times 5°88 
353 2-3 times 
354 
356 
358 once 19-28 
359 twice 12°77 
360 3 times 5°88 
362 once 19°28 
363 3 times ' tat } 
364 
366 once 19:28 
367 3 times ny 
368 
First (or Second field 
arable) field (pasture or Rye 
effluents. Grass) effluents. 
No. (1274). 

», (128A). 

No. (350). No. (351). 
S858), No. (359). 
wy (GLE 
» (366). 


or Samples taken from the same plots of land. 


LEICESTER SEWAGE FARM. 


TABL —III, 


Comparative Samples ; 


Final effluents. 


No. (127). 
(129). 
(131). 


9? 
” 


No. (352). 
(360).+ 
(363). 
(367). 


” 
a9 
33 


* By Comparative Samples is mean 
drawn from the same areas of 
the effluents in brackets are co 
with each other so far as the area 
sewaged is concerned. Sa 


i, Samples Nos. 352-367 were treat | 
had passed over) 3 fields. _ ‘, ; Op 
i : fa 


Remarks. 


7 
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Addendum B. 
CORPORATION OF LEICESTER. “” 











BEAUMONT LEYS PUMPING STATION. 




















Diagram shewing volume of Sewage pumped per24 hours. _ 


ff a ee OCTOBER 3"° 1899-:----------- e---QCTOBER 474 1899.--> 
Pen mee .-= == 2a 2527 --- P.M. -------------- mk ~+---------- A.M. ------- » 
PTTesoeee ) 2 8 4 6.16 7 8 8 Pa.) 2 Oana 


$28,700 
564,250 


$14,700. 
507,650 


515,100 





00,450 


423,250 


486,450 


iS) 
S 
2 
© 
% 
< 


472,850 








444500 


274.,/80 


228,620 





172,800 





700,000 


184,600 


495,100 : 
987,300 * 
473,800 
$47,100 
342,400 
211,875 

184,600 
184,600 ; 
18%,800 ; 

191,700 

191,700 

191,700 ’ 

191,700 

191,700 

wg es eae ee eee ee 
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NOTTINGHAM SEWAGE FARM (Stoke Bardolph). 


(NorrincHamM CoRPORATION). 


1. Situation of farm—Stoke Bardolph, about 5 miles from Notting- 
ham. 


Ww 


Total acreage of farm—907 acres (1900). 
‘3. Total irrigable area—651 acres (1900). 
4, Average area irrigated at one time—300 acres. 
*5. Population draining to farm—258,584. 
va per acre irrigated— 397. 
7. Gallons of sewage per head per day—27. 
8. Dry weather flow of sewage per 24 hours—7,000,000 gallons. 


9. Gallons of sewage (exclusive of storm water) treated per acre 
per 24 hours—23,300 = (7 0,0,0000), 


10. Gallons of sewage treated per acre per 24 hours, on the 
assumption that each acre of irrigable area is under sewage 
all the time. This for purposes of comparison—-7 999900 = 

: 10,750 gallons. 


11. Characters of the sewage—-4 domestic, # trade refuse. 
12. Method of treatment—Screening (partial), and land filtration. 


13. General characters of the soil and subsoil—Light sandy loam 


and gravel overlying gravel and sand. 
14. Separate or combined sewerage system—Combined. 
15. The final effluent is discharged into—River Trent. 


16. Number of years farm in operation before 1900—19% years. 


+ Tt will, however, be seen from the following description of the farm (page 67) that a large 


proportion of the fecal matter is kept out of the sewers. 


6225 (iv.) I 


or) 
a 


NOTTINGHAM SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS. 


DESCRIPTION OF FARM. 





Addendum A.—Notes on Samples, 


Additional Notes on Samples. 





Table I.—Shewing all samples drawn at the Nottingham Sewage Farm, together 


with time of drawing, rainfall, temperatures, description of samples, etc. 


Table Il—Giving area of plots from which effluents were drawn, and the time 


those plots had been under sewage, ete. 
Table III.—Comparative effluent samples. 


Table IV.—Sewage samples. ! 


Addendum B.—Plans and diagrams referred to in report, 
I,—Plan of farm, 


IJ.—Plan shewing where river samples were drawn, and section of soil and 


subsoil. a; 
I1I.—Temperature and rainfall chart—(Ist visit). 


IV.— 3 ” 3) ” (2nd visit). 
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NOTTINGHAM SEWAGE FARM (Stoke Bardolph). 


(NorrincHam CorPoratTIon.) 





Domestic Sewage—Trade Refuse. 


This sewage contains a large quantity of manufacturing refuse, and is 
treated by means of screening (partial) and land filtration. 

This soil on the farm varies somewhat (Add. B. II.). For the most part 
there is from 7 inches to 15 inches surface soil of a light, porous, sandy loam, 
interspersed with and overlying river valley gravel and sand, and admirably 
adapted for sewage filtration; some portions of the land are of a rather 
heavier nature. 

The farmis managed by the Nottingham Corporation, and has been in 
use for 194 years (1900). The irrigation land is not liable to floods. 

There is, practically, no subsoil water on the farm at the depth at which 
the underdrains are laid. 

The volume of domestic sewage and trade refuse combined is (1900) 
about 7,000,000 gallons (or about 27 gallons per head). Approximately, 
three-sevenths of the total consists of refuse from bleach, dye, and bone 
works, wool-scouring, breweries, laundries, and fellmongers. The bleach 
and dye refuse preponderates. The refuse is not treated by the manu- 
facturers previously to entering the sewers. The present powers with 
regard to manufacturers are considered insufficient. The area of the city is 
10,935 acres, with a rateable value of 907,000/., the estimated population up 
to July being 239,384. The districts draining to the sewage farm and their 
populations are given below :— 





Nottingham - - - - - - - 239,384 
Arnold - - - - - - : - 10,000 
Carlton = : : - : : 9,200 

Tota population draining to sewage farm - 258,584 


The public water supply is about 20 gallons per day in summer and 
about 162 gallons in winter, obtained from deep wells in the new red 
sandstone. 

The average annual rainfall at Nottingham for the past 32 years is 
25 inches. | . 

The number of w.c’s connected to the sewerage system is :— 


Nottingham - - - - - : - 10,703 
Arnold - - - - - - - ~ 80 
Carlton - - . - - : - 67 

Total - - - - 10,850 


There is a large number of tub closets and waste water closets in the 
poorer districts. Altogether there are 40,550 tub closets, 2,334 waste water 
closets or slop closets, and 300 midden privies. 

The City Medical Officer of Health, Dr. Boobbyer, has arrived at the 
conclusion that the incidence of typhoid on these districts is far greater than 
in other parts of the city. In the case of the tub closets the greater part of 
urine is emptied down the back yard gullies and goes to the sewers. Where 
tub closets are in use the night soil containing the feeces is taken to the 
depots, tipped in barges, and distributed among the farmers. There are 
6,851 baths which discharge into the sewers, Nottingham having 6,565. and 
Arnold and Carlton 89 and 197 each respectively. The sewerage systen is 
mainly of modern construction. The main intercepting and outfall sewers are 
of recent date, and it was stated that there are now very few sewers ina faulty 
condition ; these are gradually being taken out and reconstructed, and con- 
sequently there is little subsoil leakage to the sewers. In the low-lying 
districts of the city the sewers are flushed systematically by means of 
movable flushing tanks. A large number of the Nottingham streets are not 
macadam, but paved with stone setts, a fact which probably partly accounts 
for the comparative absence of sludge on the farm. 
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There is no separate system, all the storm and surface water going to: 
the foul water sewers. About two-thirds of the total sewage flow, or 43 
million gallons, is pumped to a chamber on the outfall sewer, half a mile from. 
the pumping station. At this chamber it joins the remainder of the sewage, 
which gravitates to this point. From this chamber the whole of the sewage 
flows by gravitation to the sewage farm. Before reaching the pumps, the: 
former sewage is passed through a screen consisting of upright bars set 1 inch 
apart to arrest matter likely to injure the pumps. The sewage gravitating 
to the farm is not screened in any way. The pumping plant consists of two 
Gwynne & Co.’s 22-inch vertical compound jet condensing centrifugal pumps, 
one working, the other kept in reserve. The sewage is lifted about 15 feet. 
The centrifugal pumps have the effect of breaking up the solids in the sewage 
considerably. The time taken by the sewage to reach the pumping station 
from the centre of the city is about 1 hour, and the time taken from the 
pumping station to the farm is about 2 hours, the distance to the farm from. 
‘the pumping station being about 33 miles. The size of the main outfall to the 
farm is 5 feet 3 inches by 5 feet, laid at a gradient of 1 in 2,455, and having 
a capacity when running full of 2,698 cubic feet a minute. 

There are four storm overflows, one discharging into the River Leen and 
three into the River Trent. They come imto operation when the rainfall 
exceeds + inch in the 24 hours. The sewage on reaching the farm is 
distributed along main carriers constructed of concrete and provided with 
wooden sluices ; these carriers pass under the farm roads by means of inverted 
syphons. The subsidiary carriers are all earthen, and formed in the soil by 
the plough ; an electric alarm warns the watermen when the main carrier is 
running full. The sewage is only treated through the soil once. The 
maximum and strongest flow is from about 9 a.m. to 2 p.m. The total area 
of the farm is (1900)* 907 acres (Add. B. I.). Of this area about 245 acres 
are vasture land and 615°25 acres arable. The total area actually irrigated 
is 615°25 acres of arable and 35°75 acres of pasture land. This area of 
651 acres deals with (excluding storm water) 7,000,000 gallons of sewage per 
24 hours, which is equal to 107°53 gallons per acre, or 397 persons per acre 
approximately. About 300 acres are irrigated at one time, which corresponds. 
to 23,500 gallons treated per acre per 24 hours. 

The entire farm is underdrained by 4-inch agricultural pipe feeders laid 
herringbone into 12-inch socketted pipe mains, which in turn are connected. 
where necessary into larger pipe mains. The feeder drains are laid from 
4-feet 6 inches to 7 feet 6 inches deep The main drainsare laid from 6 feet. 
to 10 feet deep. Upon an area of 120 acres—referred to hereafter as the 
‘closely drained area” —the main drains are laid at a distance of 66 feet. 
apart and the 4-inch feeders 33 feet apart.f On the remainder of the farm 
the main drains are 132 feet apart and the feeders 66 feet. The main drains. 
vary from 12 inches to 24 inches in diameter, plain sockets. The feeders 
are all 4-inch agricultural pipes, butt jointed, without sockets. Turfing is 
placed over all the joints, and the soil from the trench is again filled in. Great. 
care is taken to well ram all the filling. When the diains were laid the trenches 
throughout were quite dry and did net require timbering, except where they 
were below the level of the River Trent. The method of irrigation is as 
follows :—About 300 acres are used per 24 hours. This total, broadly 
speaking, is made up of (1) 250 acres of land which are used on the 12 hours. 
system about to be described ; (2) about 50 acres of the 120 acres referred 
to previously as the ‘ closely drained area ” which are employed for increases: 
in the sewage flow. (1) The sewage is run continuously in periods of 12 
hours on to each half (125 acres) alternately of the 250 acres above mentioned. 
Thus each half (125 acres) is allowed a resting period of 12 hours. About 
50 acres of the “closely drained area” are sewaged continuously, until the: 
land shows signs of becoming over-sewaged. When this takes place a. 
portion of the remaining 70 acres is brought into use. Approximately, 
the same land is sewaged for about one month before the sewage is taken 
off. If, however, at the end of that time, the same area was continuing 
to produce a satisfactory effluent, it might be sewaged for a slightly longer 
period, or the sewage might be run on both day and night for the remainder 
of the time. 





ki To be increased to 1,946 acres on the extension of the farm, which will shortly take place.. 
+ This area is not cropped as a rule, and is kept as frequently ploughed as possible. 
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The crops grown on the farm are mangolds, ryegrass, kohl rabi, 
thousand-headed kale, ox and market cabbage, swedes, potatoes, wheat, oats, 
barley, and clover. Ryegrass, mangolds, and cabbage are the chief crops. 

There are four effluent outfalls discharging into the River Trent. The 
main portion of effluent passes to the river by Carr Dyke. In the driest 
weather the volume of the River Trent at Nottingham is as low as 
300,000,000 gallons per day. With a very small rise this is increased to 
1,000,000,000 gallons, and with a rise of about 4 feet above low-water 
level the volume is as much as 2,000,000,000 gallons per day. From this 
it appears that the volume of the Trent in ordinary weather is from 40 to 
300 times the volume of the effluent from the farm. It may be mentioned here 
that the Trent receives the sewage from most of the populous villages on 
the banks, excepting Arnold, Carlton and Beeston. The sewage from 
Radcliffe flows untreated into the Trent a short distance above the Notting- 
ham sewage farm, the ditch conveying the sewage to the river being (July 
1900) in a filthy condition. The river below the effluent outfalls at the time 
of visiting the farm was, to all appearances, in good condition, and there 
appeared to be no sewage weed. There was no noticeable smell afising from 
the sewaging operations. Occasionally in hot weather the stirring up of the 
sewage in passing under the road syphons causes a slight smell, but only in 
the immediate vicinity. The effluents leaving the farm were invariably clear, 
colourless, and odourless. There is usually a small profit on the year’s 
working of the farm, some part of the rent being made, in addition to 
paying for labour. This of course does not include interest on loan, 
pumping, or rent of farm. 

Water and gas are laid on to all the farm buildings; a large herd of 
dairy cattle is kept, and the milk, etc., produced is sold. The farm is well- 
managed ; six men are constantly employed in attending to and regulating 
the sewage. 

As before stated, the farm is soon to be enlarged to more than double 
its present area, to avoid all risk of over-sewaging the land, the present 
area with the greatest care being barely sufficient for the present volume 
of sewage. This volume will be greatly increased shortly, as it is intended 
to deal with the bleach and dye refuse from the Radford and Basford districts 
situated in the River Leen Valley, which is at present discharged into the 
Leen. The present carriers on the farm are worked to their utmost capacity 
and frequently overflow at the period of maximum flow, consequently they 
can only deal with a small amount of storm water in addition to the sewage 
proper, about 10,000,000 gallons being the limit treated on the farm. 

The syphon now in course of construction to feed the extension of the 
farm will relieve the old carriers of a large proportion of the sewage flow. 


Notes oN TEMPERATURE, RAINFALL, ETC. 


During the visit to the farm in December, 1899 (December 8rd_ to 
December 22nd) the mean daily minimum temperature in the shade was low, 
being —1:1°C. (29:9°F.) The lowest reading registered was — 12°2°C. (10°F. ) 
on December 15th. There were several very severe frosts, and on the 11th 
and 12th snow fell (05 inch and ‘04 inch). The mean daily rainfall 
amounted to ‘036 inch, rain falling on 7 days out of 20—viz., December 
3rd, 4th, 5th, 6th, 11th, 12th, and {8th. The greatest rainfall was ‘24 inch 
on the 5th. The mean daily maximum temperature in the shade was 3:8°C. 
(39°F.), the highest reading being 12:2°C. (54°F.) on December 4th and 9th, 
and the lowest on December 10th, when—1:1°C. (30°F.) was registered, or 
11°C. (2°F.) below freezing point. (Add. B. III. & IV.). 

During the summer visit (July 22nd to August 8th 1900) the mean 
daily minimum was 12°3° C. (54:2° F.) and the mean daily maximum 23°1°C, 
(73°7°F.) The highest maximum reading was 30°5°C. (87° F.) on July 25th. 
The rainfall during this visit was very heavy, rain falling on 11 out of 18 
days, bringing the mean daily rainfall up to 19 inches. <A very heavy 
thunderstorm ocourred on the afternoon of August 6th, returning again the 
same evening, the total rainfall during the 24 hours being 1°25 inches. 
Another heavy downfall (‘54 inches) took place on July 27. Excluding 
these two instances just mentioned, rainfall exceeding ‘20 inches in the 
24 hours fell on five days. 
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The maxima, minima, and rainfall were taken at the farm at 9 a.m. 
daily, the rainfall being entered to the previous day. (See Add. B, IIL, IV. 
& V.) 


ADDENDUM A. 
Additional Notes on Samples. 


Sample No. 11.—The plot from which this effluent was drawn was purposely sewaged very 
heavily night and day in order to obtain a bad effluent; and after a sample had been drawn of 
this effluent the plot was sewaged 12 hours by night only for 7 days when sample No. 14 was 
-drawn ; the object in view being to ascertain how long the land took to recover its purifying 
properties. 

Sample No. 15.—The field from which this sample was drawn was under ice at the time, the 
sewage continuing to flow underneath. 


Samples Nos. 16 and 19.—These samples were from a plot which had been sewaged with day 
sewage only, for 12 hours each day. The plot referred to was rested for 3 days between the two 
Samples Nos. 16 and 19. 


Sample No. 112.—River Trent water taken above sewage farm. River rather low for the time 
-of year, a fairly clear sample. The. river appeared to be in good condition. 


Sample No. 117.—River Trent water taken above farm. River rather high, water rather dis- 
coloured owing to flood water. 


Sample No. 120.—River Trent water taken above effluent outfall. River high and water 
discoloured. (Addendum B. IL). 


Sample No. 122.—River Trent water and effluent on mixing, taken 50 yards below No. 121. 
Ratio of effluent to river water as 1 to 160 (approximately). 


Sample No. 123.—As above, but taken 120 yards below No. 122. 
Sample No. 330.—A very clear effluent. 
Sample No. 331.—As above. 


Sample No 332.—General effluent; some decayed leaves, &c., from neighbouring hedges had 
blown into the main effluent culvert, from which the sample was drawn. 


Sample No. 333—As above. A drinking place for cattle in the effluent culvert had been used 
earlier in the day. 


Sample Nos. 340, 341, 346.—General effluents. All containing bits of decayed leaves pre- 
‘viously alluded to. All the final effluents were clear, colourless, and odourless. 
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NorrincgHaM SEWAGE FarmM—continued. 


TABUWE Lie 
Effiuents. 


I 





Number of | Area of plot 
Number times the or plots a ee 
| Sewage has Sewaged at 14 
of 2 : Sewaged 
passed the time previously to 
Sam le. roan the yee drawing Sample. 
Acres 
11 Once - *15°5 
night sewage. 
(a)eeloe (a) 7 days; night 
sewage only. 
1D) aL Oso (b) 15 days ; night 
12 ‘ 
zs, 2 sewage only. 
(c) 11°25 (c) 15 days; night 
sewage only. 
aa Sea 15°5 7daays - - 
(a) 13° (a) 14 days; night 
sewage only. 
15 (b) 10° (b) 22 days; night 
He sewage only. 
(e) | 11°25 (c) 22 days; night 
sewage only. 
16 5 12: 42 days; daysewage 
only. 
(a) 13: (a) 21 days; night 
sewage only. 
7 5 (b) 10° (b) 29 days ; night 
2s sewage only. 
(c) 11°25 (e) 29 days ; night 
sewage only. 
( (3) eos (a) 22 days; night 
sewage only. 
18 " (b)  10°5 (b) 30 days ; night 
% sewage only. 
(c) 11-25 (c) 30 days; night 
sewage only. 
19 a - 12° 5 days ; day sewage 
on. iy. 
20 15°5 17 days ;__ night 
sewage only. 
110 x 12° 1 day 
lll - - - ibyge 2 days - - - 
113 ” 12° 3 ” % 
115 - 11:26.) bade. 
116 x : 11:05. /)| 150i, tect eee 
118 : 15:5 16 ,, 2 
119 e: : 1195 B16", 
121 ee —_ ee 
330 eas ps 11:25 | +5 ,, 
331 a Ce ie 13° +4 eae 
332 ee | ae Is 
333 a5 ss wets 
335 - : 11:25". AC ee, Ae 
336 Ove: 13° 45 he 
338 ” - 11:25 +7 ” S = < 
339 " 13° 16, 
240 - : al “. 
341 x AS LF 2 
wo 
243 rh, ee 11 ‘25 18 4 
344 as Fs 13° aoe 
346 + aera aa = 
347 ad ee 11°25) to Seo ae ae 
348 23 a 13° +8 ” 





























Nature of 
Crops 
grown on 
Plots. 


12 days; day and | Fallow - 


| 











| 


29 


Mangolds - 
Cabbage - 


” 


Kohl Rabbi 
Cabbage - 


Cabbage - 
Mangolds. 


Cabbage. 
Mangolds. 
Cabbage. 
Mangolds. 


Cabbage. 
Mangolds. 
Cabbage. 
Mangolds. 








REMARKS. 


*This plot was sewaged continuously b 
night only since Oct. 10th up to Nov. 23 
and since then received both as a 
night sewage. 


Plots sewaged for 12 hours by night. 


After Dec. 5th this plot only rocaivall night 
sewage, resting during the day. 


Plots sewaged for 12 hours by night only. 


Plots sewayed for 12 hours by day only. 


Plot had three days rest. 


Plot sewaged with day sewage for 12 hours 

” ” ” ” ” 

” ” ” ” be 

» ” » » 

” ” ” » ”» 
Plot sewaged with night sewage for 12 hours 
Plot sewaged with day sewage for 12 hours 
General effluent. : ve 


+Plots receiving sewage for 12 hours by da 
only. 


/ 


General effluents. 


\ General effluents. 


General effluent. 



























Note Area coloured Pirk shews 
present area of Farm -(1900). 


N OTT! NM G H AM Ss EW AG E FA R. M 2 Area coloured Yellow shews 


eatonstore of farm. 
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MH’ Brown ; lly Krgweer, 
Nottingham. 
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Addendum PB. 






NottTiNGHAM Sewace Farm. 
Scale :- Stac Inches to meMile 





MIiBLano RAILWAY _ 
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see 
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RIVER SAMPLES. 





Scale. 
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Section oF Soit tn Cuttine 
FoR New Street SyYPuon. 


S33. 7./902. | 
Weller&Graham Ltd Litho.London. 
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Addendum 2B. 


NOTTINGHAM SEWAGE FARM. 
_ Dec, 1899. (First vistt) me 
1-00 100°Fah?" 


i 
Rainfall______Shewn thus ] 


Maximum Temperature 


322 90° 

80 = Ere 80° 

‘70 : 8 21 y 7° 

; | 

60 ‘ ble 50° 
s Q < @ : a S 

S 50h 7 : 10-O}s0° 
aS ey | 
: j : : | 38 
ae ae | } 7 Weer 7 brite ete | 4.0? 
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HH fl 





Rawnteall 


Weller &Graham tt? Litho. London. 
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NoTTINGHAM SEWAGE Farm. 
(Second. Visit.) 


Rainfell........... Shewn thus 


Maatnuun Temperature... 


Minimum Temperature... 


p Dart; Mascimiune per alhusyre 


> Linaznum Temperature: 


Addendun B. 
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ee 100%2AT 


32-2 190° 


26-6|80° 


21--|70° 


15-5° 160° 


10-0° 150° 


Temperature iwi | degrees Cerltigrade. 


4 4140 


-1- 430° 


-6:6'420° 
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= Weller & Grahams, tt¢ citho. London. 
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NorTingHaM SEWAGE FarmM—continued. 





TABLE III. 


* Comparative Effluent Samples : or Samples taken from the same plots of land. 























December, 1899. July, 1900. September, 1901. REMARKS. 
ample Noll: - -, | Sample No. 110 - -)| Sample No. 330 - -\|*By ‘ Comparative” Samples is meant 
samples drawn from the same areas of 
a jug! - - of a A - ee be OS - land, and the effluents in brack+ts are 
i comparable with each other so far as the 
me ,, 20 ee » @ ls ee 0 . » 388 -  -»| area of land sewaged is concerned. 
Rie aes 
O49 
ey} ” 12 - - ” ” 115 - | 
» ” 15 s = ” ” Lig): | 
» ” 17 ss = ” ” 119 ” ” 331 * 
wu 4 18 3 i‘ | ” ” 336 ¥ be I 
9 » 339 y 
” ” 344 - Fs 
+ 
fas 10 } sb ygentt BA8 
R139 ” 19 a = 
TABLE IV. 


Number of 


Sewage Samples. 














Nature of Sewage. Time taken. REMARKS. 
Sample. 
10 Strong, dark colour - - - | 12 (noon) - - | Part of the sewage gravitates to the farm and 
part is pumped ; only the sewage pumped is 
screened. 
13 < dye refuse - - <<) 12-15 p.m. t= - | Sereened and crude sewage. 
109 35 £ +3 | 12.55 a.m f “4 : 
114 ” ” ” * 5 z 12.1 p.m Y ” 9 ” 
329 Fairly strong, dye refuse - - | 1.50;p.m.), | - oh ” » » 
334. Strong, deep brown colour PhONa - - i 3 . Q 
337 ” ” ” % 11.45 ” . ‘i | ” 29 ” 
342 ” 2” ” - | 11.35 ” * “4 | ” 99 ” 
i 
345 Strong > = w 7 ieee) ” 5 = | ” ” ” 
6225 (iv.) K 2 


> cores oe eS 


I 


10. 


11. 
12. 


13. 


14. 
15. 
16. 
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RUGBY (High Level) SEWAGE FARM. 


(Rucpy Urean Disteicr Councit.) 


Situation of farm—New Bilton about 1 mile from Rugby. 

Total acreage of farn:---40 acres. | 

Total irrigable area— 35 acres. 

Average area irrigated at one time—7 acres. 

Population draining to farm—6,000. 

Population per acre irrigated—171. 

Gallons of sewage per head per day 2508 

Dry weather flow of sewage per 24 hours—300,000 gallons. 

Gallons of sewage (exclusive of storm-water) treated per acre 
per 24 hours— 42,800 = (2.0. ), 


Gallons of sewage treated per acre per 24 hours, on the 
assumption that each acre of irrigable area is under sewage 
all the time. (This for purposes of comparison)—(-3 ) = 


8,500 gallons. 
Characters of the sewage—Mainly domestic. 


Method of treatment—Screening, chemical precipitation, and 
settling tanks, with surface irrigation and filtration combined, 


but the former predominating. 


General characters of the soil and subsoil—Heavy loam, over- 


lying stiff clay. 
Separate or combined sewerage system—-Partially separate 
The final eftiuent is discharged into—River Avon. 


Number of years farm in operation before 1#00—83 years. 
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DESCRIPTION OF FARM. 


Addendum A,—Notes on Samples. 


Additional Notes on Samples. 





Table 1.—Shewing all samples drawn at the Rugby (High Level) Sewage Farm, 
together with time of drawing, rainfail, temperatures, description of samples, 


etc. 


Table II.—Giving area of plots from which effluents were drawn, and the time 


those plots had been under sewage, ete. 


Table I1J.—Sewage samples. 





Addendum B.—Plans and diagrams reterred to in report. 


- I.—Plan of farm. 
Ij.—Plan referring to river samples, and plan and section of well on farm. 
1I1.— Temperature and rainfall chart—(1st visit). 


IV.--Temperature, rainfall and humidity chart—(2nd visit), 
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RUGBY HIGH LEVEL SEWAGE FARM. 
(Ruepy Urpan Disrrict CouNCIL. ) 





(Domestic Sewage.) 


The sewage, which is domestic, with the exception of some oil from 
Willans and Robinson’s Engine Works, is treated chemically in precipitation 
tanks, and afterwards on land by surface irrigation and filtration.* | 

The farm is situated on the Upper Lias formation. The surface soil has 
a depth of about 10 in. heavy loam overlying yellow clay, which forms a belt 
about dft. to 6ft. deep above the lias. Some of the land cracks beneath the 
surface in hot weather. Potholes of gravel occur in places. 

The farm has been used for sewage disposal for 33 years, and for the 
first eight years dealt with the whole of the sewage of Rugby. It is 
managed by the Urban District Council, who, however, let it to a tenant 
farmer. The Council have the absolute direction and control of the sewage 
works, and also of the application and disposition of the sewage on the 
fara. | 

The average dry weather flow per 24 hours is about 300,000 gallons, or 
50 gallons per head. 

The districts now draining to this farm are the N.W. and 8. W. parts of 
Rugby, and the population is 6,000. The rest of the Rugby sewage is treated 
on another farm. 

The water supply is 26°5 gallons per head, and is obtained part from 
the River Avon and part from gathering grounds and wells at Moreton and 
Bilton. 

The town is entirely on the w.c. system. All the streets are macadam. 

The separate system is used in parts of the town, but all the water 
from the back portions of roofs and yards drains to the foul water sewers. 
The average annual rainfall at Rugby from 1855 to 1897 was 25°62 in. 
For the year 1900 the rainfall was 30°68 in. 

The whole of the sewage gravitates to the farm. Formerly a portion of 

it was pumped. The sewers, on the whole, are in a fair condition; a large 
amount of subsoil water, however, is admitted to some of the older sewers, 
where clay joints have been used instead of cement. The gradients are 
generally self-cleansing ; where necessary the sewers are flushed by hose, and 
flushing penstocks in the manholes. 

A portion of the sewage is brought to one set of settling tanks by a 
96 in. circular brick culvert with a gradient of 1in 718; and the remainder 
by a 12 in. syphon 1,000 yards long to the settling tanks on the farm. The 
average time the sewage takes to reach the tanks from the town is about 
14 hours. It will be convenient to refer to the first-named tanks hereafter as 
the “low level” and the latter as the “high level” tanks. About one-half of 
the total sewage now is treated at each set of tanks. 

There is one storm overflow situated in the allotment gardens above 
Messrs. Willans and Robinson’s works, but it did not come into operation 
at the time of the visits to the farm, and 1s not recorded to have come 
into use within recent years. Whatever sewage the 12in. syphon will not 
take passes by an 18in. pipe to the low level tanks, and thence all goes on to 
the farm. The low level tanks are in duplicate 87ft. 6in. long by 25ft. by 
3ft. 6in. deep (average depth) with a combined capacity of about 95,000 
galions ; both are usually worked together on the continuous system, and 
are cleaned out about once a fortnight, the sludge being drawn off by chain 
pumps into sludge bays adjoining the tanks; about 12 tons of wet sludge per 
week are produced. 





* With regard to the proportion treated by surface irrigation and filtration respectively, it is 
impossible to give anything other than an approximate idea, as the conditions affecting each are 
constantly changing. Broadly speaking, in the case of Rugby, when a field has been sewaged for 
two or three days, considerably more sewage is treated on the surface than by filtration, as any 
eracks which may be present gradually tend to fill up. The relation between the amount of 
sewage treated by filtration and surface irrigation depends in great measure upon the degree of 
moisture present in the soil. If after a heavy shower sewage is put on a fresh piece of ground it 
will reach the bottom of the plot much faster than if the soil were dry. 

+ 1am indebted to Mr, George M. Seabroke, of Rugby, for the data regarding the Rugby 
rainfall.—G. B. K. 
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The sewage at the time of the first visit to the farm was treated before 
entering the tanks with alumino ferric, lime and sulphate of iron, alumino 
ferric alone being used at night. About 144 gallons each of lime and 
sulphate of iron solutions were used during the 12 hours, and two blocks of 
alumino ferric, or about 1 cwt. per 24 hours. The lime and copperas were 
run into the sewage from tubs, and the amounts varied considerably. The 
alumino ferric was suspended in an iron cage in the sewage channel, above 
the junction of that channel with the tanks. 


The chemically treated sewage, in flowing through the tanks, passes 
through two wooden screens perforated with tin. holes placed 3in. apart each 
way, and thence on to the farm, the outfall coming out about half way down 
the farm, 10 acres of land being available for the low level sewage. A large 
quantity of oil from Messrs. Willans and Robinson’s Engine Works close by 
occasionally comes into these tanks, and was found very injurious to the rye- 
erass on the farm. It is now skimmed off twice a day from the surface 
of the tanks, and is not utilised in any way. The high level tanks are also in 
duplicate, 65ft. long by 15ft. by 2ft. (average depth) and having a capacity of 
about 12,000 gallons each.* These tanks are used on the continuous system, 
one at a time for a normal flow, but both for a storm, and are cleaned out 
once a week. The settlement effected by these tanks is very small. The same 
chemicals were used at these tanks as at the low level; the sewage, however, 
at these tanks passes through an iron bar screen (4in. spaces) at the foot of 
each tank. Chemical treatment was suspended for a time shortly after the 
first visit to the farm, only being used during the hot weather to lessen 
smell. 


The high level tanks are very old and are in disrepair. The sides and 
bottom of the tanks are formed of brick on edge ; many of these bricks have 
become displaced, rendering the efficient cleaning out of the tanks impossible. 
About 6 tons of wet sludge are produced per week at the low level tanks. 
After the greater part of the sludge has been run off from the tanks into 
sludge bays placed at a lower level, they are cleaned out by hand scoops. 
The sludge is used by the tenant as a top dressing for grass land away from 
the sewage farm. The Rugby School baths, holding about 53,000 gallons of 
water, discharge into a sewer leading to these tanks, and when flushed out 
cause a large rush of water through the tanks, stirring up the sludge. 

The settled sewage, on leaving the tanks, is distributed over the farm by 
earthen carriers. These carriers are very faulty, being nothing more than 
rough open ditches; the sluices are also in disrepair. These carriers are 
cleaned out two or three times a year, and the effect of this cleansing is on each 
occasion to deepen then. The deepening often causes portions of the sides 
to fallin and this results in the retention in the carriers of solids in the 
sewage, which remain there and putrefy. ' 


Crude sewage is occasionally applied to one field across the L. and N. W. 
Railway. There is not a large amount of subsoil water on the farm now. 
Formerly there was a large quantity in the potholes of gravel previously 
mentioned ; drains have now been laid to these, and the water has a free 
outflow. 


The total area of the farm is (i900) 40 acres, of which 
385 acres are irrigable, 10 being available for the low level, and 25 
for the high level sewage. This area (35 acres) deals with (exclud- 
ing storm water) a sewage flow of 300,000 gallons per 24 hours from a 
population of 6,000 persons, which is equal to 171°4 persons per irrigable 
acre, or about 8,570 gallons per acre. Under normal conditions about 
seven acres are sewaged at once, which is equivalent to 42,850 gallons of 
sewage treated per acre per 24 hours. The sewage flow at the farm is 
greatest and strongest from about 8 a.m. tonoon. The farm is under-drained 
with 2 in. socketted tiles laid herring-bone fashion, one chain apart, at an 
average depth of 3 ft. 9 in. and connected to 4 in. and 6 in. butt main 





* It should be borne in mind that the time the sewage stays in the tanks depends entirely 
upon the rate of flow of the sewage, and that as arule in dry weather when the sewage is 
strongest, the time for settlement is least. The quantity of sludge present in the tank also 
influences the amount of sedimentation which takes place, as it reduces the tank capacity. 


80 


drains. There are, in addition, some old land drains, which were in 
existence before the farm was used for sewage, laid at a depth of about 
18 in. Some of these have since been blocked up. 

The filling above the drains varies considerably ; usually, turf was laid 
on the top of the drain, and the soil excavated replaced ; a few of the drains 
come out on the surface of the farm, but the majority discharge by an under- 
drainage outfall into the River Avon, which runs along the bottom of the 
farm. 

The irrigable area is not liable to floods. 

The farm has a rather steep slope towards the river, and this allows of 
the high level sewage being treated once, twice, or three times. After 
the high level sewage has been treated once or twice, it mixes with the low 
level sewage, which comes out about half way down the farm, and is treated 
with it. (Add. B. 1.). The high level sewage is thus treated, as a rule, 
three times, and the low level once. 

The sewage is run on to the same area of land continuously day and 
night for periods varying from three to seven days, according to circum- 
stances. A slight shower of rain when the ground is saturated causes very 
rapid fluctuations in the amount of sewage arriving at the farm, and owing to 
corn crops being grown, which cannot always be irrigated, there is not suffi- 
cient area of land to deal with these sudden increments effectually. 

The crops grown on the farm are rye-grass, mangolds, cabbages, oats 
and wheat, and they are disposed of by the tenant. For some five years 
after the start of the farm, whilst in the hands of the Urban District Council, 
the crops were disposed of by auction. The annual cost of treating the sewage 
is about £209 ; including interest on loan, it is $225. Receipts—apportioned 
rent about £63, equal to about £1:48 per 1,000,000 gallons exclusive of 
storm water. : 

There are two main eftluent outfalls to the River Avon, consisting of an 
effluent intercepting ditch running along the foot of the farm, and provided 
with two stoneware pipe outlets to the river. Moles.cause considerable 
trouble by boring holes down to the under-drains in dry weather, and rats 
damage the carriers, causing the sides to fallin. The River Avon, into 
which the effluent flows, appears to be in good condition, and there was no 
sign of any nuisance from the farm. The volume on one occasion during 
very dry weather (July, 1900) was at the rate of 6,000,000 gallons per 24 
hours. In wet weather (March, 1900) the flow was at the rate of 15,000,000 
gallons per 24 hours. The volume of effluent to river water normally is 
about as 1 to 30. 

The chief difficulties in working the farm are the want of land for 
moving the sewage, as the wheat and oats cannot be sewaged, and occupy 
valuable space. 

In hot, close weather, considerable nuisance arises from the cleaning 
out of the tanks, and also from the carriers. The latter is caused by matter 
derived from the sewage being held back by the inequalities in the carriers 
and putrefying. 


Notes ON TEMPERATURE, RAINFALL, ETC. 


During the summer visit to Rugby (June 18th to July 8th, 1900) the 
mean daily maximum temperature averaged 19°6°C, (67.4°F.) the highest 
maximum reading being 23:8° C. (75° F.) and the lowest 12°2° C. (54° F.) 

The mean daily minimum was 8'3° C. (47° F.). the bighest and lowest 
readings being 14°49 C. (58° F.) and 5:5° C. (42° F.) Rain fell on 11 days 
out of 21, heavy falls taking place on June 24th and 25th, when °40 inch. 
and ‘47 inch. was registered. The mean daily rainfall was :065 inch. 

During the second visit to the farm (February 18th to March 8th, 1901) 
the mean daily maximum was 81° C. (46°7° F.) the highest and lowest 
maximum readings being 13:3° C. (56° F.) and 3°39 C. (38° F.). The mean 
daily minimunwas 1:4° C. (34°6° F.), the highest and lowest minimum 
readings registered being 7°7° C. (46° F.) and 6-19 C. (21° F.). The mean 
daily humidity averaged 86-9 (100—saturation). The mean daily rainfall was 
‘056 inch., rain falling on 15 days out of 24. The greatest rainfall took 
place on March 8rd, when ‘30 inch. fell. Snow occurred on February 18th. 
(See Add. B. II]. & IV.) 
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RUGBY HIGH LEVEL SEWAGE FARM. 





(Additional Notes on Samples.) 


Sample No. 94.—This effluent was from crude sewage which had neither passed through the 
settling tanks nor been chemically treated. : 

Effluent had a slight sewage smell. The rye-grass was a fair crop, and ready for cutting (third 
crop). 

Sample No. 96.—This effluent, in common with all other effluents treated twice (unless other- 
wise mentioned), after passing over the first field, mixes with the precipitated sewage from the 
low level tanks, further down the farm, and this mixture is then passed over another plot before 
reaching the river. 

Sample No. 98.—EHffluent off rye-grass after three days’ rest, 7.¢., off the same plot as No. 94, 
and therefore comparable with it, for the purpose of ascertaining the effects of rest. 

Sample No. 994.—This effluent was obtained from oats which had previously been cut to make 
ensilage. 

Sample No. 100.—Very slight sewage smell. 

Sample No. 105*.—River Avon water taken above effluent outfalls. River very low, apparently 
in good condition. Bed of river clean. (Add B. II.) 

Sample No. 107.—River water and effluent taken after mixing, 80 yards below No. 106. 

Sample No. 108.—River water and effluent taken 250 yards below sample No. 107. 

Sample No. 226B.—River water and effluent taken 200 yards below effluent outfalls, clear green 
colour. River high. 

Sample No. 227.—Water drawn from well at manager’s house on farm, well 20ft. deep, 10ft. of 
water. Well sunk into the Lias Clay. (Add B, II). 

Water clear and effervescing. The sample was drawn from the pump after three minutes’ 
pumping. 

Sample No. 2304.—River water above effluent outfalls, rather cloudy, due to flood water coming 
down. See note as to Sampl e No. 105. 

Sample No 231.—“ Street washings” taken from a surface water drain; not much vehicular 
traffic in the street, surface of street very clean from previous heavy showers, ‘This sample would 
include water from the front roofs of houses. 

Sample No. 2344.—River water taken 80 yards below effluent outfalls, river very high and in 
flood, a cloudy sample. 

Sample No. 234.—General effluent, faint yellow colour, no smell ; effluent on mixing with river 
water turned a red-brown colour. 

Sample No. 238A.—River water and effluent taken 10 yards below effluent outfall, clear, no 
smell, river still fairly high. 

Sample No. 239+.—Well water taken from same source as No, 227, 





* The low level sewage farm effluent outfall discharges into the river about two miles above the point 
where this sample was taken. 

+ The land is sewaged within about 40ft. of this well, and it appears quite probable that the well may 
have been polluted. 
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RUGBY HIGH. LEVEL SEWAGE FARM 


TABLE II. 


(Domestic Sewage.) 




















Area of plot 





















































Number} Number of or plots sa of tine 
times the these plots ha Y . 
of sewage was ee at | ‘been sewaged Nature OF Crops Remarks. 
‘ime of e grown on plots. 
passed through drawit previously to 
Sample. | or over the soil. sampl 2 drawing sample. 
Acres. : 
94 once 2°25 10 days Rye-grass *Filtration effluent. 
96 twice 1:70 5 days — . Surface and filtration effluent. 
98 once 2°25 6 hours 8 | 3 a " 
99A once 15 5 days Young oats |* ,, “3 . 
; (just cut) | 
100 twice { = } 5 days Rye-grass 5 Bas ” » 
101A once 5) 5 hours Youag oats *) Coes 3% a 
(just cut) 
102 twice 75 3 days By grass Le tp » » 
| : 1: 1 day Cut oatsandrye- * ,, ” ” 
103 | hota { a} 4 days P grass 
: rn 2 days ut oats andrye-| * ,, ” 
Nes eee { "75 | 5 days yrass = 
106 twice General effluent. ; 
NoTe.—All effluents to which ar 
| asterisk (*) is prefixed were taken befor 
| mixing with the low level sewage. 
OL a eee 
225 twice 6° _ Arable and rye-| General effluent (surface and filtration). 
grass 
226 once 5 75 4 days Arable *Filtration ,, 4 ” 
226A twice Arable andrye-| Geveral _,, ” » 
; grass 
226C twice | Arable and rye- >: fr of ” 
grass 
228 once 4°75 1 day | Arable *Filtration effluent. 
299 iwine { he 2 days | pps rye- hy and surface effluent. 
‘230 twice _ Arable and rye- | General effluent (surface effluent). 
grass 
232 twice Arable and rye- » ” ” ” 
grass 
234 twice | Arable and rye- .. ry ” 
grass 
2348 twice | Arable and rye- 3 ” ” ” 
grass 
234¢C twice | Arable and rye- 55 5 ” ” 
grass 
234D twice _ Arable and rye- ” ” ” ” 
grass 
| Arable and rye- ” ” ” ” 
235 twice grass 
236 once "75 2 days Arable * First 53 » ” 
PRI twice | ” General ” ” ” 
238 twice { i 2 days | ” ” ” ” ” 
238B once 4°75 5 days re *First » % » 
238C twice Ee General __,, if A 
RUGBY SEWAGE FARM. 
TABLE III. 
(Sewage Samples.) 
Baile sain ele Nature of sewage. Remarks. 
93 11,0 a.m. Crude sewage -~— - | This sewage was applied to the land before being chemicall; 
2 treated, or passed through the settiny tanks. 
95 1¥.15 a.m. Screened and chemically | Alumino ferric, sulphate of iron and lime solutions were 
| precipitated sewage used—Alumino ferric alone at night. 
97 1.45 p.m. | Crude sewage - 5 - | As No. $3. 
99 Noon. Screened and chemically | Chemically precipitated and screened sewage—as No. 95. 
| precipitated sewage - 
10] 10.30 a.m. | Sereened and chemically | As No. 97. 
precipitated sewage 
224 4.0 p.m. Screened and settled sewage | Not chemically treated. NoTE.—None of the sewage wa 
[SS dilutes oa eceanie being chemically treated at this visit 
233 11.15 am. | Crude sewage—dilute- - | As No. 93 and 97. An oily film on surface. . 
235 11.10 a.m. Crude sewage—strong - | As Nos. 93, 97, and 233. Contained a good deal of sediment 
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24 hours samples. 
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River SAMPLES. 
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SKETCH PLAN & SECTIONS REFERRING TO SAMPLES. 
N°S 227 & 239. 
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SOUTH NORWOOD SEWAGE FARM. 





(CROYDON CORPORATION.) 
Situation of farm.——Closely adjacent to South Norwood. 
Total acreage of farm.—-191 acres. 
Total irrigable area.—152 acres. 
Average area irrigated at one time.—50 acres. 
Population draining to farm.—21,000. 
Population per acre irrigated.—1338. 
Gallons of sewage per head per day.—285. 
Dry weather flow of sewage per 24 hours. —600,000 gallons. 


Gallons of sewage (exclusive of storm water) treated per acre 
per 24 hours.—12,000 = (629-000), 


Gallons of sewage treated per acre per 24 hours, on the 
assumption that each acre of irrigable area is under sewage 
allthe time. (This for purposes of comparison)—(600000) — 


4,000 gallons. 
Characters of the sewage.— Purely domestic. 


Method of treatment.—Screening, Settling tanks, and Surface 


irrigation. 


General characters of the soil and subsoil.—A clay soil resting 


on London clay. 
Separate or combined sewerage system.—Partially separate. 
The final effluent is discharged into.—Chaffinch Beck. 


Number of years farm in operation before 1900—36 years, 


86 


SOUTH NORWOOD SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS. 





DESCRIPTION OF FARM. 


Addendum A—WNotes on Samples. 


Table I.—Shewing all samples drawn at the South Norwood Sewage Farm, together” 


with the time of drawing, rainfall, temperatures, description of samples, etc. 


Table II.—Giving area of plots from which samples were drawn and the time those 


plots had been sewaged, etc. 


Additional Notes on Samples. 
Table III.—Comparative samples. 


Table [V.—Sewage samples. 





Addendum B-—Plans and diagrams referred to in Report. 
I.—Plan of farm. 


II.—Plan referring to brook water samples, settling tanks, and section of soil and: 


subsoil. 
Ili.—Temperature and rainfall chart (1st visit). 
IV.—Temperature and rainfall chart (2nd visit), 
V.—Temperature and rainfall chart (experiment.) 


Vi—Diagram shewing number of gallons treated per acre during the: 


experiment. 
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SOUTH NORWOOD SEWAGE FARM. 


(CRoyDon CORPORATION. ) 


(Domestic Sewage). 


The sewage is entirely domestic and is treated (1900) by means of 
‘screening, settling tanks and surface irrigation. 

The surface soil varies from 6in. to 10in in. depth, and over the greater 
portion of the farm it is a stiff heavy soil; some lighter soil occurs in parts. 
(Add. B. IL) In comparison with the Leicester farm, the soil is not so stiff, 
partaking more of the nature of a brick earth. The entire farm overlies a 
subsoil of the London clay. Sewaging operations combined with frequent 
ploughing are gradually causing the top soil to become more friable. Ashes 
have been mixed with the soil on one or two plots. 

There is no subsoil water on the farm and the land is not liable to 
floods. 

The farm has been used for sewage irrigation 36 years, and is managed 
by the Croydon Corporation. 

The normal dry weather flow is about 600,000 gallons per 24 hours or 
28°5 gallons per head of the population, the contributory districts being 
Shirley, South Norwood, and a portion of Upper Norwood with a combined 
population of 21,000 persons. The public water supply is about 25 gallons 
per head and is obtained from the same source as the Croydon water. The 
average annual rainfall is 24°04 in. ‘The districts served by the sewers are 
exclusively on the w.c. system, there are no privies. The drainage area 
(built area) of the districts draining to the farm is about 1,200 acres and the 
streets are either macadam or gravel. The general sewerage system is in a 
very good condition, and the subsoil being a stiff retentive clay, reduces the 
subsoil leakage toa minimum. About two thirds of the streets sewered 
have duplicate sewers for surface water from streets and front portions of 
roofs. 

There are no storm overflows, all the increases of flow due to storms being 
received and treated on the farm. These increases of flow are at times very 
great, sometimes exceeding a rate of 4,000,000 gallons per 24 hours, or 
nearly seven times the normal flow. The sewers are flushed with large 
automatic tanks, tipping tanks, and flushing vans and hose. 

The whole of the sewage gravitates to the farm by four outfall 
sewers, one 2 ft. 9 in. by 2 ft. 3 in. two 24 in. and one 15 in. laid 
at gradients of 1 in 600, 1 in 400, and 1 in 500 respectively, and having a 
combined capacity when running full of 1,900 cubic feet a minute. The 
average time the sewage takes to reach the farmis one hour. The whole of 
the sewage (except that from the 15 in. low level sewers) on reaching the 
farm passes through two settling tanks constructed of burnt ballast concrete, 
and cement rendered, each 60 ft. long by 12 ft. by 3 ft. 4 in. (average 
depth) and havea working capacity of about 15,000 gallons each. They are 
provided with scumboards, fine and coarse screens (4+ in and lL in. spaces 
between the bars), and are both used together continuously. (Add. B. IL). 
No chemicals whatever are used. The tanks are cleaned out once a week by 
means of mechanical bucket elevators discharging into adjacent sludge bays. 
About 30 tons of wet sludge are produced on an average per week ; part is 
sold and part is used to fill up holes in a disused brickyard on the farm. 
The sewage from the 15 in. low level sewer before going on to the land 
- flows through a small tank or catch-pit on the lower part of the farm and is 
not screened, but itisnotinlargeamount. About five tons of wet sludge are 
removed from this tank weekly by hand labour. Pumping is employed to 
raise the sewage 10, 14, or 24 feet to the higher portion of the farm (about 
33 acres) which lies considerably above the level of the outfall sewers. The 
remainder of the area irrigated 1s commanded by gravitation. Two 5 in. 
Gw-nne’s centrifugal pumps are employed, in conjunction with a plunger 
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pump, all being driven by gas engines. The effluent from some of the land 
near the bottom of the farm, can if necessary be pumped on to the higher land, 
a 15in. underground pipe conveying the partially treated effluents back to 
the pump well. After leaving the tanks part of the settled sewage flows to 
the pump well, and is pumped to the high parts of the irrigation area, the 
balance passes on to the irrigation land by means of open carriers, half pipe 
and closed stoneware pipe carriers provided with openings at suitable intervals. 
for turning the sewage on to theland. The flow of sewage on to the plots: 
is regulated by wooden sluices placed in the manholes to which the carriers. 
are connected. Iron and wooden stoppers are used for diverting the sewage 
on the land. The higher land on the farm has a somewhat sharp fall and 
the sewage is contoured over this land. 

The total area of the farm is 191 acres (Add. B.I.); 152 acres are 
actually irrigated, and this area deals with 600,000 gallons of sewage: 
(excluding storm water) per 24 hours. With the present population and 
28°5 gallons of sewage per head this amounts to 138°15 persons, or about. 
4,000 gallons per acre. About one third of the total available irrigable 
area is used at one sewaging, which corresponds to about 12,000 gallons. 
per acre per day. 

Only about 25 acres of the farm are underdrained. The drains are laid 
at an average depth of about 2ft. being 4in. and 6in socketted pipes with 
open joints, the trenches being filled in with the soil excavated. They are 
about 12 yards apart, and were put in for the same purpose as at Beddington, 
viz., to assist waterlogged plots to dry. The drain effluents are brought to 
the surface lower down the farm and re-treated. The sewage is treated on 
separate plots either two, three, or four times, being run over the surface of 
the land in a thin sheet, picked up in a carrier at the bottom of the plot, and 
passed over other plots in a similar manner, before the effluents leaves the 
farm. In times of storms solids are washed out on to the land in the vicinity 
of the carrier chambers and this tends to clog the land at these points. The 
number of times the sewage is treated varies according to the length and 
area of the plots ; sewage which has passed over a long plot not requiring as 
much subsequent treatment as when it only flows a short distance and vice 
versa. The sewage is kept on the same plots continuously for from two to 
four days. In wet weather the area of land usually sewaged at one time is 
considerably enlarged, water from back roofs and yards sometimes bringing 
down 1°5 to 6 times the normal dry weather flow and causing the main outfall 
culvert to overflow, besides over-dosing the land with sewage. 

The greater portion of the farm, as at Beddington, is laid down in rye- 
grass. Mangolds, oats and mint are also grown, part of the crops being 
sold and part of the rye-grass made into hay. The effluent leaves the farm 
by an open ditch joining the Chaffinch Beck a short distance away ; the beck 
in dry weather has only a very small flow, and in winter it frequently does 
not exceed the volume of the effluent. A small amount of sewage weed was 
noticeable in places, but this may not be due to the effluent, but to surface 
water drains which flow into a ditch joining the effluent before reaching the 
Chaftinch Beck, the ditch itself containing similar weed. In summer a large 
amount of the effluent is absorbed or evaporated. In dry seasons very little 
effluent leaves the farm. 

The total capital outlay on the farm up to the present date (1900) has 
been £54,302 2s. 3d. The cost per 1,000,000 gallons of sewage treated is, 
pumping and wages £1 15s. Inclusive of sinking fund, interest, and rent 
of portion of farm not freehold, £15 9s. 4d. 

The average annual joss on the farm for the past five years has beer 
£1,026 10s. 6d. 


Annual loss - = 4 : A es £1,026 10 26 
Sinking fund and interest — - - - 2,300 shclee 





Total - oreo ee 





The chief difficulty experienced in the working of the farm is the 
selling of the crops. 
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At the time of visiting the farm, bacteria beds (single contact) were 
being constructed, one small one being in active use and treating screened 
sewage. The effluents from these beds is passed over land and finally mixes 
with the general effluent on leaving the farm. All effluents other than 
general effluents are distinct from these bacterial effluents and have no 
connection with them. The general effluents all contain a certain amount 
of bacterial effluent, which, however, had been treated over land on leaving 
the beds. 


TEMPERATURE AND RAINFALL NOTES. 


A large amount of rainfall occurred on both visits to the farm. The 
mean daily rainfall for the first visit was 06 in., and for the second ‘08 in. 
excluding rainfall during the experiment which ‘averaged ‘06 in. daily. 

The mean daily maximum temperature was 69° C. (445° F.), for the 
first visit (January, 1900), with an average minimum of 1:4° C. (34'5° F.). 

At the second visit during the experiment in November and December, 
1900, the mean daily maximum was high, being 10°8° C. (51°5° F.), with a 
mean daily minimum of 4:2° C. (39°6° F.). 

The period (November 7th to November 26th, 1900) immediately pre- 
ceding the experiment was distinctly colder, the mean daily minimum being 
2°9° C. (37°3° F.). A rainfall of 42 in. was registered on the 17th November. 
(See Add. B. IIL, IV., & V.). 
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SOUTH NORWOOD SEWAGE FARM. 


TABLE II, 


(Domestic Sewage.) 





Num ber of Area of plot 





Length of time 
those plots had 
been sewaged 
previously to 
drawing 
sample. 


Nature of 
crops grown on 
plots. 








3 days 
continuously 
3 days 
continuously 
2 days 
continuously 
2 days 
continuously 
2 days 
continuously 
2 days 
continuously 
2 days 
continuously 


Remarks. 





Rye-grase 


Arable 
Rye-grass 


” 


Water frum Chaffinch Brook, taken 20 yds., above effluent outfall 














= 


20 yds. below 


466 yds. below No. 33 


2 days 
continuously 


4 days 
3 days 
3 days 


3 days 
2 days 





” 





Cloudy appearance, sewage smell. 


| Slightly cloudy, very slight sewage smell. 
| Cloudy, slight sewage smell. 
. Fairly clear, no smell. 


| Effluent rather cloudy. 


Gpatexcant effluent, no smell. 
Fairly clear. 


3) 


Rather turbi 


22 


Rather cloudy. 


yore colour. 


yellowish colour. 


9 33 


33 





} Rye-grass 
Rye and arable 
Rye-grass 


” 








Clear, no smell. 


Clear, no smell. 


Strong sewage smell. 
Slight 


Slight smell, yellowish colour. 
Slight smell, yellow colour. — 
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Ee li ; 
EXPERIMENT. 


| 
| times the or plots 
N ye sewage was | sewage at 
passed through |} the time 
Sample. or over the] of drawing 
soil. sample. 
acres. 
| 22 once 6°5 
¥ ee f 1S 
23 3 times 1 1-0 
f 25 one 3°80 
| 26 twice 4°40 
27 once 6°50 
| 29 twice { a 
30 3 times 2°30 
31 General effluent - 
32 
= 3 oP) oB) ”? 
34 +B) > ” 
35 | General effluent - 
A f 3°80 
171 twice if 4°40 
3°60. 1°30, 
175 4 times LO 7S 
arable 
Nah once 3°40 
178 AG f 2°40 
7 3 Pat \ 170 
180 3 times 3°50, 1°25,1°0 
180A | 3 times 3°40, 1°30, 2 
18] once 25 
183 once *32 
184 
185A once “40 
185 twice 40+ °10 
186A once "46 
186 twice 46+ :12 
187B once DD 
187¢ twice 05+ °18 
187D once ‘70 
187 twice “70 + :20 
188A onee 80 
188 twice 80 + 24 
189A once 88 
189 twice 88+ '30 
189B once 1°25 
189¢ twice 10+ °36 
f 190 once 1°16 
(191 twice 1°16+ °38 
( 191A once 118 
| 192 twice 1°18 + +42 
f 193 once 1:20 
{194 twice 120+ °50 
fi94s once 1:20 
| 1945 twice 1:20 + -55 
J 194c once 1°25 
\. 194bD twice 1°25 + °58 
f 195A once 1:25 
(195 twice 1°25 + 58 
f 196 once 1.25 
\ 197 twice 1:25 + -60 
f 1974 once 1-25 
L 198 twice 1:25-4:70 
{ 199 once 1°25 
200 twice 1-25 + -80 














1 day 
2 days 
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Arable 
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Surface effluent, cloudy. 

36 * rather cloudy. 
General effluent, cloudy, no smell. 
Surface effluent, fairly clear. 4 
clear, no smell. 

fairly clear, nosmell, 
no smell, clear. 


J) > Y 
i ;, fairly clear ‘ 
23 bed oP] 3” no smell. d 
* Wi yellow colour, slight sewage 

smell. : 


suspended matter. 
sewage smell. 
ie sewage smell, rather 
cloudy. q 
sewage smell, cloudy. 
slight sewage smell, greenish 
yellow colour. 
strong sewage smell, cloudy, 
suspended matter. “a 
_ slight sewage smell, yellow 
colour. 
sewage smell, cloudy. 
slight smell, clear. 4 
sewage smell, fairly clear, 
yellow colour. 
clear, yellow colour, slight 
sewage small. . 
sewage smell, cloudy. 
rather cloudy, slight smell. 
cloudy, sewage smell. 
clear, yellow colour, slight 
smell. 
cloudy, sewage smell. 
suspended matter, cloudy. 
putrid smell cloudy. 
slightly cloudy, no smell. 
strong sewage smell, cloudy. 
turbid, sewage smell 
strong sewage smell, cloudy. 
sewage smell, yellow colour. 
very foul] effluent. 
strong sewage smell. } 








SOUTH NORWOOD SEWAGE FARM, 





(Domestic Sewage.) 
Additional Notes on Samples. 


Sample No. 27.—In this case, the furrows of one of the arable fields ran longitudinally with 
the flow of the sewage ; thus effecting very little purification. 

Sample No. 31.—The general effluent was flowing at the time of sampling at the rate of about 
14 million gallons per 24 hours, the rainfall had largely increasad the flow. Notr.—All general 
effluents contain the bacteria bed effluents after they have been passed over the land. 

Sample No. 32.—The Chaffinch Beck was flowing a good deal above the normal flow owing to. 
recent rains. Rate of flow about 500,000 gallons per 24 hours, or in the proportion of 1 of 
stream water to 3 of effluent. The stream did not appear to be in very good condition. This 
ental drawn 20 yards above the point where the effluent discharges into ,the stream. 

aBoLls) 
Sample No. 33.—This sample was drawn 20 yards below the effluent outfall. Some sewage 
weed below the effluent outfall at the sides of the stream, 

Sample No. 34.—This sample was taken 466 yards below sample No. 33; no sewage weed 
observable. 

Sample No. 175.—The sewage from which this effluent was obtained was treated over four 
separate plots. 

Sample No. 174.—Surface water from streets and from front roofs, turbid, taken after sharp. 
showers the day previous and also whilst drawing the sample. 

Sample No. 179.—Surface water from streets after moderate showers, streets washed fairly 
clean, by previous rainfall. 

Sample No. 1808.—Brook water (Chaffinch Beck) and effluent, taken 55yds. below effluent out- 
fall, a good deal of sewage weed in the stream, volume of effluent to stream approximately as 
3 to 1. 

Sample No. 182. Surface water from streets, very full of grit and very turbid. Sample was 
drawn after the surface drain had been running for. 3 hours, surface water channel contained 
whitish sewage weed. 

Sample No. 1874.—Surface water from streets after a slight rainfall (-04in.). 

Sample No. 1888.—As No. 187A, very turbid, sample taken after drain had been running for 
4 hours (‘20in. rainfall). 


EXPERIMENT. 


Nore.—Two arable fields were employed for this experiment of the areas of 1:25 and 1:0 acres. 
respectively. The land in question had a crop of mangolds during the summer, and had not been 
sewaged since February, 1900. No artificial manure had been applied; the plots were freshly 
ploughed about 8in. deep, and ridged 2 days before commencing the experiment. The sewage was 
treated twice, being run from the first on to the second plot. The quantity of sewage treated per 
acre per 24 hours was increased daily from 3,000 gallons the first day by equal increments of 1,500: 
gallons to 39,000 gallons on the 20th December. The second plot of arable received whatever 
effluent came off the first plot. The sewage was run on continuously both day and night, 
and not intermittently. 

Sample No. 181.—The sewage was run on to the first plot at noon, November 26th, 3,750- 
gallons covering -25 acre. 

This sample was drawn from the effluent which had passed through the surface soil down to 
the clay subsoil and filtered through cracks in the latter to the pick-up grip at foot of plot. 
This grip was about 30 yds. from the nearest point where the oncoming sewage showed. 

There was a very small flow of effluent and not sufficient to reach the second plot owing to 
the cracks in the soil. The sewage going on to the land was soapy and fairly strong. 

Sample No. 183.—Sewage black and septic looking—partly, no doubt, owing to being backed 
up in the pipe carrier by the gauging board, some deposit taking place. A mere dribble of effluent 
going on to the second plot at noon. 

Sample No. 1854.—-Sewage about normal. 

Sample No. 185.—This was a sample similar in all respects to No. 181. There was very little 
effluent coming off. ; 

Samples Nos. 186A and 186.—Sewage about normal. Owing to the increased flow the sewage. 
did not appear to be septic, and solids were not held back. | 

Samples}Nos. 187B and 187c.—A large portion of the first plot had now been sewaged. Previously 
only a small area had been covered owing to small amount of sewage put on. The sewage had 
not yet reached the top of the plough cuts. 

Samples Nos. 187p and 187.—Sewage rather dilute. 

Samples Nos. 188A and 188.—Sewage very dilute. ; 

Samples Nos. 1894 and 189.—Sewage very dilute, most of it being rain water. Tanks cleaned 
out the day previous. ; 

Samples Nos. 1898 and 189c.—Sewage stronger than the previous day, 

Samples Nos. 1908 and 191.—Sewage normal. 

Samples Nos. 1914 and 192.—Sewage fairly strong. 

Samples Nos. 193 and 194.—Sewage much stronger ; a great deal of froth on the effluent from 
the first plot. 

Samples Nos. 1944 and 1948.—Sewage strong. A large part of the second pot had now received 
sewage. 

Baapie Nos. 194¢ and 194p.—-Sewage normal. 





96 


Samples Nos. 1954 and 195.—Sewage about normal. Land beginning to smell, sewage weed in 
pickup grip at bottom or nrst plot. 

Samples Nos. 196 an‘? 197.—Sewage normal. 

Samples Nos. 1974 and 198.—Rainfall on first plot caused the large flow on to the second plot 
Sewage very dilute. 

Samples Nos. 199 and 200.—Sewage dilute. After increasing the amount on the first plot to a 
constant flow of about 39,000 gallons per acre per 24 hours, no more samples were drawn until 
January 2nd, 1901. The sewage had thus been flowing on to the two plots at the above rate 
for 12 days continuously night and day, and the plots appeared thoroughly over-worked, both 
effluents appearing foul, NotTr.—A diagram is appended showing the actual amounts of sewage 
treated per acre (Add. B. VI.) . 





SOUTH NORWOOD SEWAGE FARM. 





TABLE ITI. 
(Domestic Sewage). 


Comparative Samples. 
























Effluent treated Effuents treated Effluents treated pias 
over one plot. over two plots. over three plots. 43 or 
By “comparative sample ” is meant sampl 
No. 26 No. 23 drawn from the same areas of land, and the e 
AY ae alia! A. wosl) ents in brackets are comparable with each oth 
so far as the area of land sewaged is concerned. 
* No. 181 
en So * No. 185 
” 185A oP) 186 
»; 186A LST OC 
» LS8S7B rp sit 
ie okey) “yy betodal Be Fs 
» 188Alrc SOMES . 
. 189A} 8 » 1890] 3 i 
Ae (SOBs ripe) ee ik * Strictly speaking, the same daily areas « 
, 190 fs » 192 (4 land were not sewaged until late in the experiment. 
9 191A £ ” 194 | | : a 
» 193 |< pl OGBt cote a 
» 194A », 194D | 
, 194¢ » 195 
» 195A eae OFF Be 
» 196 0198 i ney a 
a eIVEN oy ANY) 
Se 




















SOUTH NORWOOD SEWAGE FARM. 


TABLE IV. 
(Domestic Sewage). 


Sewage Samples. 




















T 5 ! | : eo 
eae Nature of sewage. Time taken. | Remarks. Ae 
| . 
21 Screened and settled sewage. 2.15 p.m. Dilute spcbe tp 7 
24. » Preys ’ 1 p.m, Somewhat dilute. 
28 ” ” 9 < } 2.45 p.m, ” be) 
af ales saiane. noon. | A very soapy sewage. oa 
7 creened and settled sewage. | noon. ’ >» ‘ 
181A ” “ s: i | 1 p.m. Apparently fairly strong, very soapy. 
193A i eae ap andi 11 a.m. Rather dilute. 
453, ; | i 
454 | | if 
455 ! 
456 24 hours samples. 5 
457 | | 
458 | | 
459) | 






























SoutH Norwood SEWAGE FARM . 
————————___—___ 


smote Farm Boundary. 
ciceeeeeee  E Carriers . 
= Hal pipe Carriers . 
ye Piped Carrvers . 

Pumping Mains . 










ALR. 
2A AO) E95 







i 
\ ALRE 
i 1.1.27 
1 
| t 
i t 
oy 
i Ane! 
nop | 1.2.38) 
3.9 |! 
{| 
|! 
i 
il 
‘pee 







wo 200 800 400 500 600" 


es SS ES ee 








| 
nl 
| 





ae bial a 


wae 
i 


oem 


ve 
, pert 


aya etree 


at) 
‘<7 at 
"i 
“ 
4 
{ 
wt 
ae 
ww 


re 


a) ee Eee 
' " . i a 
he by 7 hy lum 
“ 
y- 
F . 
. 
« 
{ 
, 
+ eh 
y 
i F 
Ty stag ag AE 
2 a4 @ ig (tae 
= ae as a lot 
a 
oo Sy wee A rae > 
; 
1a ee 
hin 7 
the ‘ i : 
. ni Wha i Wier 
. ¢ Ja ; a 
e a) ee ae ‘ 
| if oi * 
Pa OG Pl 7 
i : % D = ‘ ; “F we 
eae Ae 









































‘g 
i 


a 


Sample N? 3 


NORWOOD 





SEWAGE FARM. 


| 
Brook SAMPLES. : 

















a 
$ 
© 
§ | 
= 
ih oe SETTLING TANKS. | 
i FN ae 
Bi 
wt Sas | 
kf aay 
tl oe 
% &. ‘ hee. . 
be = Seat: »Burnt Ballast Concrete 
i — = f 
2 HS ae | 
2 we is g | 
a ee g . & if 
Carrier = 33 ‘ oH ier | 
om aan v2 g R ewer. 
pn ag 9 & : 
‘tL fl 2° QI. 
- _ —~— iS 
a === 
zs ct. 1 “See Sie, 
= oS a] : 
Leto. Ee ° lo: 
tas! es 83 iss 
on | 2 hoe HY 
\ a) een %g 
ew Se z se [2a 
Tae’ _ iz is 
f dm 1S 









{ 
[te apeaitiaag Te 


0 
: —— —-LONDONCLAY with _ 


ee clayey Gravel in parts. 





Addendam B. 


Weller&Graham xt? Litho. 





TA Se SS 


Pg eS Cae 


as et 


aa 
‘ 
dT 
4 
; wy 7 i 
” it ’ 





ane ares.) Far v*, 
% lis ae erred 7 fod ‘ 


te Tene» si da oy cane en Se Re = 


i 
y 


MAAT SdAwae “aowao sabe i. 


r aR “a 


om | 


é : 
’ : f 
f 7 
‘ ( 
nn 
=: 
<4 
oe 
' 
‘4 
~ mes > 
1 ee ene 1h aaah a 
) . a 
i s 
fits, 
n i Ce eg 
> 
a « " 
o Fr 4 7 
dk ae ee hy lew 
= a7 i hi a ? reve 7 
, 
ce ; Piet he -,. 
a Ty,» ! % 
Zi rb iho hp 


"De rad 





Addendum fF. 


SOUTH NORWOOD SEWAGE FARM. 
(First vistt) 
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SoutH Norwoop SEWAGE FARM. 
(Foqperiment) 
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Addediuie B . 


Diagram WV? 30. | 
(Enginermmg Report Diagram) 


South Norwoop Sewace Farm. 
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LUTON SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS. 





DESCRIPTION OF FARM. 





Addendum A—Notes on Samples. 


Table I.—Shewing all samples drawn at the Luton Sewage Farm, together with 


time of drawing, raiufall, temperatures, description of samples, ete. 


er 


Addendum B— 


L.—Section shewing pits from which effluents were drawn. 
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LUTON SEWAGE FARM. 
(Lutron CorPoraTION. ) 


(Domestic Sewage and refuse from Straw-plait industry.) 


The sewage is treated by means of screening, settling tanks, and land 
filtration, the entire effluent being absorbed by the chalk. . 

There are two farms, the High Level and the Low Level. The former 
has been working for 16 years, and the Low Level for 23 years. 

Both farms overlie the Chalk formation. The surface soil on the High 
Level farm (which is situated on a hill) varies greatly, increasing in depth 
towards the foot of the hill. About 4in. to 10in. appears to be the depth of 
surface soil on the crown of the hill, whilst a depth of several feet is reached 
in the valley. The surface soil is loose porous loam. The Low Level farm 
has from 10in. to 15in. of good loamy soil, and in parts a subsoil of gravel 
resting on the chalk. 

The surface chalk under both farms is exceedingly loose, rotten, and 
tull of cracks. The average daily flow of sewage per 24 hours pumped for 
the year ended December 31st, 1899, was about 1,700,000 gallons, inclusive 
of storm water. The population draining to the two farms is about 38,500. 
Approximtely one-fourth of the streets have a separate system for storm 
water. The average annual rainfall from 1888 to 1899 was about 25 ins. 

About one-third of the total sewage flow is trade refuse from the straw- 
plait industry. This refuse is derived from bleaching (peroxide of hydrogen 
and silicate of soda are used) and dye refuse (logwood, etc.), also a large 
quantity of gelatine. The refuse, beyond being screened and run through 
sumps to arrest solids, is not treated in any way by the manufacturer before 
entering the sewers. 

The sewage gravitates to the pumping station and is pumped to the 
farms. The sewage is passed through roughing screens before being pumped, — 
to guard against injury to the pumps. The tanks at the pumping station 
have a combined capacity of about 1°75 million gallens, and act as storage 
tanks when pumping is suspended. They are cleaned out once a fortnight. 
One tank is kept in reserve for storms. 

The sludge tanks on the High Level farms have a combined capacity of 
about 1,500 cube yards of wet sludge. They are formed in the ground itself, — 
the bottom of the tanks resting on the chalk. They are cleaned out about 
three times a year. Farmers cart the sludge away, and pay from 4d. to 6d. 
per cube yard according to the quantity removed. 

The total area of the Low Level farm is 17°5 acres, with an irrigable 
area of 14 acres. That of the High Level farm is 71 acres, with an irrigable 
area of 56 acres, the total available irrigable area being 70 acres. About 20 
acres are irrigated at one time on the High Level farm. The area of land 
irrigated at one time on the Low Level farm varies, the whole 14 acres are 
used on Sundays and in times of rainfall. 

The sewage is run on to the same area for about 12 hours as a rule by 
day, and for 6 to 12 hours by night, according to the weather. It is usually — 
kept on the same area for about a month, sometimes as long as two 
months. 

A large part of the land under irrigation is laid out in narrow beds - 
planted with various crops, the sewage being run into the channels between 
the beds. The hilly portion of the High Level farm being unsuited to this 
system, is chiefly laid out in rye grass, the sewage flowing over the surface of 
tthe land, and being absorbed in the chalk in a short distance. 

The filtration of the sewage through the chalk appears to be almost 
vertical, as may be seen from the following experiment which was carried 
out. 

In order to obtain samples of the effluent two pits were dug in the 
hilly portion of the High Level farm, their size being about 7ft. by 3ft. by 
9ft. deep. A small embankment was formed round the edge of each, and 
the sewage run right round the pits. None of the effluent, however, entered 
either of the pits, although the sewage was running on within 2ft. of the 
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holes. Subsequently a recess was cut (see section Add. B. I.) in the side of 
one of the pits next to the sewage, and the sewage was directed into a small 
pocket or hole immediately above the recess, the surface soil having been 
removed and the chalk bared. By this means effluents were obtained from 
sweatings or drippings through the chalk roof of the recess. Three samples 
of soil were taken near these pits, where the surface soil was about. 12in. in 
depth. One sample was taken 6in. to Sin. deep, one sample of the chalk 
lying lin. to 4in. below the base of the surface soil, also another of the chalk 
about 12in. deeper. The land from which these saizples were drawn had 
been sewaged ten days previously. Samples were also drawn from a well, 
and from springs in the immediate vicinity of the sewage farms, 

The direction of the flow of the underground water through the chalk, 
as given by Mr. Joseph Lucas in his hydro-geological survey, shews that the 
spring and well samples are in the line of flow. 
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WORSLEY SEWAGE FARM REPORT. 





SUMMARY OF CONTENTS. 


DESCRIPTION oF FARM. 


Addendum A.—Notes on Samples. 
Tabie I.—Sewage Samples. 


Table I1.—Comparative Samples. 


Table I11.—Giving area of plots from which effluents were drawn and the time 


those plots had been under sewage, etc. 


Table [V.—Showing all samples drawn at the Worsley Sewage Farm, togeteer with 


time of drawing, rainfall, temperatures, description of samples, ctc. 


Aaditional Notes on Samples. 


Addendum B. 


I.—Temperature, rainfall, and humidity chart. 


WORSLEY SEWAGE FARM (BARTON OLD HALL). 
(Worstry Ursan Disrricr Covuncit). 
(Domestic Sewage with Dye and Bleach Refuse.) 


The total area of this farm is 127 acres, of which 46 acres are laid out 
for irrigation. At the time of visiting the farm, however, only 22 acres were 
available for sewage treatment owing to cropping operations. The population 
draining to this farm is 10,000, and the dry weather sewage flow 300,000 
gallons per 24 hours. The water supply is obtained from the Bolton and 
Manchester supply. Dye and bleach refuse form a considerable portion of 
the sewage ; the actual proportion of trade refuse: has not been ascertained. 
The sewerage system is partially separate. No tanks, screens, or chemicals 
are employed, the sewage running crude on to the land. 

The irrigable land is underdrained about 5 feet deep, 40 to 50 yards 
apart, with socketted stoneware pipes, the pipes being laid parallel, and the 
trenches filled with the material excavated. The northern part of the farm, 
consists of gravel and sandy soil, fairly suitable for sewage purification, the 
largest portion of the sewage being treated on this area. The southern part 
of the farm borders on the peat land, and consists chiefly of pure peat of 
considerable depth ; there is practically no surface soil with the exception of 
a few scattered patches here and there formed by the decay of the exposed 
peat and vegetation. Where the section of the soil is exposed, the peat at a 
depth of from 5 feet to 6 feet lies on a bed of exceedingly fine white sand. 
The average area under irrigation at one time is from 8 to 10 acres, the 
sewage usually being kept on this area for from 12 to 15 hours. This area 
with a total sewage flow of 300,000 gallons per 24 hours gives 15,000 to 
23,500 gallons treated per acre per 24 hours. 

The effluent produced by the upper portion of the farm appeared of a 
fair quality, that from the peat land, although clear in appearance, smelt 
strongly of sewage, and the ditch into which the effluent pipes discharged 
smelt very much of sulphuretted hydrogen. This ditch, which is continued 
into the main effluent ditch, leads intoa small stream about 15 feet wide, 
called the Parrin Brook ; this stream at the time of visiting the farm (May, 
1901) was in a very bad condition, the bed being covered with black mud, 
and a large amount of sewage weed. The chief pollution appeared to be 
received some distance before reaching the farm; and it seems that another 
sewage farm also discharges its effluent into this stream before it reaches 
the Worsley Sewage Farm. The present area of the farm has been in 
operation (May, 1901) about 4 years. | 

There was no rainfall of any account during the time that samples were > 
dawn at Worsley, with the exception of May 26th, on which day 15-inch fell 
and ‘04-inch on the following day ; these were the only two days on which 
rain fell, the weather being for the rest of the time very hot and dry. 
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TABLE I. 


SEWAGE SAMPLES. 














Number Time 
of Nature of Sewage. Character. Remarks. 
| = taken. 
Sample. 
277 Containing dye refuse - | Crude sewage - | 11.45 a.m. ote screened or settled—dark, blackish 
- colour. 
281 - ditto - ditto : - | - ditto - - 4.15 p.m. | Neither screened or settled—dark, blackish 
colour. 
285 - ditto - ditto - - | - ditto - - | 12.0 (noon) | N ig screened or settled—very black 
ooking. 
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TABLE. II. 


* COMPARATIVE SAMPLES (or Samples taken from the same Plots of Land). 





Remarks. 


Number of Sample. 


* By comparative samples is meant samples drawn from 
the same areas of land, and the effluents in brackets 
are comparable with each other so far as tle area of 





land is concerned. 


TABLE III. 


EFFLUENTS. and other Samples—(not Sewage). 





Number 
of 
‘Sample. 


278 


279 


-280a 


280 

~~~ 282 
283 
284 
286 
«287 
288 
289 


290 





Number 
of times the 
Sewage 


is 
passed through 
- the Soil. 


Once - - fe 


Once - - | 


ORCC =~ 


Once - 


Once - - 


Area of 
Plot or Plots 
Sewaged 
at the time 
of 
drawing Sample. 


Length of 
time Nature of 
these Plots had Crops 
been Sewaged Grown on 
previous to Plots. 


drawing Sample. 


Remarks. 








Acres. 


7°50 





Rye and vari- 
ous coaise 
grasses. 


24 days - 4 


Rye and coarse 
grass. 


12 hours-- - | Rye and coarse 


grass. 


12 hours - - | Rye and other 


grasses. 


15 hours - - | Rye and other 


grasses. 











Yellow colour, slight sewage smell— 
final effluent. 


Liquor from _peat-land — yellowish 
colour. 

Brook water and effluent taken 20 
yards below effluent outfall—muddy 
colour. 


Yellow colour, 
effluent. 


slight smell—final 


Reddish yellow colour, sewage and 
iron smell—final effluent. 

Liquor from peat-land—yellow colour. 

Brook water above effluent outfall— 
muddy, dirty colour. 


Final effluent, yellow colour, sewage 
smell. 


Final effluent, yellow colour, but no 
smell, from gravel soil. 


Brook water above effluent outfall— 
yellowish colour. 


Brook water and effluent taken 100 
yards below effluent outfall. 


Peat liquor, dirty yellow colour. 
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WOoRSLEY SEWAGE FARM. 
Additional Notes on Different Samples. 


Sampe No. 277.—This sewage appeared to contain a large quantity of dye refuse. 


No. 278.—Final effluent from peat land. There was scarcely any surface soil whatever, the 
decayed peat forming the greater portion. In cuttings where visible, the peat at a depth of 
5 to 6 feet was lying upon a layer of very fine white sand. 


The land sewaged had not been finally levelled, and consequently the sewage had a tendency 
to pond in some parts. 


The plot was covered with coarse herbage, chiefly grass and water plants. 


No. 279.—This sample was drawn from water draining from the peat into an open ditch. It 
is <lifficult to state definitely whether this ditch had ever been polluted by sewage or effluent. 
The manager said that it had not been, to the best of his knowledge, and judging from the 
appearance and position of the spot it seemed unlikely. 


No. 280a.—Brook water and effluent ; the brook appeared to be in a very bad condition, both 
above and below the effluent outfall; the bed of the stream was covered with black mud, and 
there was a large amount of sewage weed present. The manager stated that another sewage farm 
effluenc empties into this stream before it receives the Worsley effluent. The sample was a dirty 
muddy colour. The effluent outfall discharges at right angles to the stream, and both appeared 
well mixed. The brook joins the ship canal further down. 


No. 287.—Final effluent. This was a sample drawn from another portion of the farm, where 
the soil was composed of sand and gravel but no peat, and fairly suitable for sewage treatment. 


It appeared to be a fair average sample of the effluent which the better portions of the 
farm turn out. 
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HEMSWORTH SEWAGE FARM. 
HemswortH Rurau Districr Councit. 


(Domestic Sewage. ) 


The farm consists of a long narrow strip of land situated near the bottom 
of a steep slope on the Boulder Clay formation, and is four acres in extent, 
three acres of which are available for irrigation purposes. 

The population draining to this farm is about 3,200, and forms part of a 
colliery district; the flow per 24 hours 1s about 70,000 gallons. The water 
supply is obtained from Barnsley Waterworks. 

A small amount of slaughter-house refuse comes down the sewers on 
Wednesday, but there is no other trade refuse. 

The whole of the sewage gravitates by a 15-inch sewer to the upper side 
of the farm, where the settling tanks are placed. Just before the outfall 
sewer enters the tanks there is a storm overflow leading to the same ditch 
into which the effluent discharges. The cill of this overflow is placed about 
64 inches above the invert of the outfall sewer. Thus the overflow would 
come into operation before half the carrying capacity of the sewer had been 
reached. The settling tanks are six in number, three being used at one time 
in series. Alumino-ferric is occasionally used to assist sedimentation. 

The sizes of the tanks are :—. 

16 ft. by 15 ft. by 3 ft. 43 in. deep 
14 ft. by 15 ft. by 3 ft) 42 in, \ in duplicate. 
i2fe by 15 ft. by sft. 45 in. ,, 

Floating matter is kept back by a fixed scum board placed across the 
tanks and dipping into the sewage. 

Floating draw-off arms are provided for drawing off the surface water 
for sludging purposes. 

The settled sewage flows over a cill in the last tank into the main 
carrier running along the highest side of the farm. 

The sludge from the tanks is drawn off by gravitation into three slidge 
bays adjoining the tanks, where it is mixed with ashes. About five tons 
are produced per week. Difficulty is experienced in disposing of the sludge, 
particularly in summer, as it cannot be put upon the grass crops. 

The soil immediately adjoining the farm has a surface soil of 13 inches 
to 24 inches in depth, overlying about six feet of stiff yellow clay which lies 
upon the Boulder Clay. The land cracks badly in summer, but not so much 
in winter. 

The land irrigated has been laid out in ievel terraces or beds, and the 
narrowness of the farm (about 70 yards) only admits of two beds before the 
effluent ditch is reached at the bottom of the farm. These beds have been 
underdrained at a depth of three feet, four drains to each bed, the drains 
being 18 feet apart, those of the upper beds discharging on to the surface of 
the lower one, and thence by an effluent outfall to the ditch which receives 
the whole of the effluent. In addition to the underdiainage, stone rubble to 
a depth of 6 inches has been filled in immediately above te drains, and also 
ashes above the rubble. Ashes. have also been dug into the beds 
with a view to lightening them. The sewage passes from the main carrier 
through the first or highest bed, and is discharged from the underdrains on 
to the surface of the second bed. It is thus treated twice before going off 
the farm. 

The beds from which the samples were drawn were not cropped and 
were frequently dug over. They receive sewage for periods ranging 
from one to seven days, according to circuiustances. The effluent resulting 
from the treatment appeared to be very little purified, and one sample (294), 
from a sewage which contained a quantity of soup-suds, was very little 
different in appearance from the original sewage. The ditch mto which the 
effluent flows would be almost dry in summer but for the effluent, and there 
were large quantities of sewage weed, whilst the effluent smelt badly. ‘The 
shape of the farm and the fact that the fall runs across the rarrow portion 
make effective treatment a difficult matter. 
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To purify sewage on an exceedingly stiff clay soil is at all times a difficult 
matter, the only possible method as a rule being surface treatment. 

In the present instance the bulk of the work is done by filtration through 
the pervious material immediately above the drains, instead of being evenly 
distributed throughout the beds. 

If the farm lay down the slope instead of across the bottom of it this 
could be easily carried out by lifting the settled sewage from the present 
settling tanks to the highest portion of the farm. 

Again the amount treated per acre is very excessive. If one half of the 
whole irrigable area were employed in one sewaging (which is not the case), 
the amount treated per acre would be 70000 = about 46,000 gallons per acre, 
and this ismore than seven times the amount such land is usually called 
upon to treat. 
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‘DERBY COUNTY ASYLUM SEWAGE FARM. 
(Domestic Sewage.) 
Dersy County CouNCcLL. 


This farm adjoins the Asylum buildings. 

The soil of the entire farm is of a stiff nature, overlying a subsoil of red 
clay, and is derived from the Keuper Marl formation. It has never been 
properly laid out for sewage. The surface soil has a depth of about 3in. to 
4in. where the land has been untouched. 

About 25 acres are available for irrigation. The water supply is obtained 
from a deep well in the Asylum premises, an average of 50,000 gallons being 
pumped daily. The sewage flow per 24 hours was not gauged, but from the 
amount of water pumped it would appear to be about 30,000 gallons per 24 
hours. The land is not sewaged within 150 yards of the well. There are 
two outfall sewers leading on to the farm, one of which takes the domestic 
sewage from the Asylum, and the other the liquid manure from the farm- 
yards. The latter is collected in a tank before reaching the farm, and can be 
let off by a valve when required, or carted away to fields where wanted ; 
(see sample No. 296); both sewages are treated together on the farm. The 
Asylum sewage, before running on to the land, passes through a smali screening 
chamber, and there passes through a cage screen. There is no other prelimi- 
nary treatment. The screenings obtained are dug into the land. The 
number of inmates in the Asylum varies from 800 to 1,000. <A certain 
amount of roof and gulley water from the farmyard buildings enters the 
sewers, otherwise the system is separate, the Asylum roof water being 
collected in tanks for domestic purposes. 

The land is underdrained about 3ft. 6in. deep with ordinary butt-jointed 
agricultural tiles 3in. and 4in. diameter, joining a master drain of stoneware 
socketted pipes 6in. to 9in. in diameter, and discharging into a ditch near the 
boundary of the farm. 

The land appears to crack very much during the dry weather. No rye 
grass is grown, but the chief crops are mangolds and ox cabbage, with a 
few turnips and some prickly comfrey. 

The land cropped and sewaged is ridged. 

The sewage is brought on to the land by a stoneware carrier running 
along the top of the land, and flows from the carrier down the furrow 
between two ridges until it reaches the bottom of the plot, when it is turned 
into the next furrow, and the one previously sewaged is blocked up. About 
one acre per 24 hours is used, the entire flow of sewage being run on as 
described above. There didnot appear to be any accumulations of sludge 
on the surface of the land. The ditch into which the effluent discharged 
appeared at the time of the visit to be in a fairly clear condition, and there 
was no sewage weed observable; this ditch was a dry one formerly, and 
cattle drink the effluent in the neighbouring fields. At the point where 
Sample No. 301 was drawn, another small ditch, of about half the volume of the 
effluent, joined the effluent ditch; the effluent appeared te improve during 
the passage along the ditch, settlement taking place, but no nuisance was 
observed arising from it. The suspended matter appeared to consist mainly 
of partially digested hay and straw, and was doubtless derived from the 
farmyard manure being treated and gaining entrance to the under-drainage 
through cracks in the soil and subsoil. 

These under-drains prevent any cfiective treatment of the sewage, and 
ageravate the cracking of the svil which takes place in hot weather. If 
there were no under-drains, and a larger area of land were employed at one 
sewaging, there would probably be no effluent in dry weather. 

On the assumption that the dry weather flow is 30,000 gallons, this 
quantity is treated on one acre for one day of 24 hours; thus putting heavy 
clay land on the same basis as the best porous soil. 

Under the present conditions, the sewage as soon as it is appied to 
the land has a tendency to pass cff through cracks to the under-drains 
insufficiently purified. 
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SANDHURST SEWAGE FARM. 
LINDFIELD SEWAGE FARM. 


ANDOVER (Dr. Poore’s System). 
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APPENDIX A, 


Notres on Air, SEWAGE AND EFFLUENT TEMPERATURES. 





Diagram 1, showing daily air, sewage and effluent temperatures at 
Nottingham. 


Diagram 2, showing daily air, sewage and effluent temperatures at 
Aldershot Camp. 


Diagram 3, showing daily air, sewage and effluent temperatures at 
Croydon (Beddington). 


Diagram 4, showing daily air, sewage and effluent temperatures at 
South Norwood. 


Diagram 5, showing mean monthly temperatures of air, sewage and 
effluent at Nottingham, Aldershot Camp, Croydon (Beddington) and 
South Norwood. 
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AIR, SEWAGE AND EFFLUENT TEMPERATURES.* 


Systematic observations relating to atmospheric, sewage, and effluent. 
temperatures were taken daily for a period of one year, at four of the eight 
farms visited. These temperatures were taken to ascertain (1) how different 
temperatures affect the purification ; (2) the difference between the tempera- 
tures of the effluents, sewage and air at one time ; (3) the difference between 
the effluent temperatures from “surface irrigation” as compared with 
“filtration” sewage farms, and (4) the relation between (a) the air tempera- 
tures, and (b) the effluent temperatures at (a’) “surface irrigation, and at 
(0) “filtration” farms. ee ss 2 | | 


At two of the farms, Nottingham and Aldershot Camp, the sewage is. 


treated by means of filtration, whilst at South Norwood and Beddington 
surface irrigation is in vogue. 

The character of the soils and subsoils peculiar to each farm are given 
below, and also the average depths of the underdrains. 





Naz. —«|~—s«SSoil andd Subsoil. Aver: eae 
Notun gnats & eas | Light sandy loam jnd gravel over- | 6 feet. 
lying gravel and sand. Bt? 
Aldershot Camp - - - | Sand (Bagshot Sand) - - - | 3 feet 3 inches. 
Croydon (Beddington) - - | Gravelly loam over gravel and sand - | Very few drains. 
South Norwood . - - | Clay soil resting on London Clay —_- | Very few drains. 














The daily temperatures relating to atmosphere (in the shade), sewage, and 
effluent, were taken about noon, and are given in full for each of the four 
farms in the accompanying diagrams. The monthly averages have been 
worked out from these, and are given in other diagrams (appended), as the 
relations the temperatures bear to each other are thus more easily followed. 


It will be observed that the temperatures were taken at practically the 


same time every day. With reference to this it may be noted that the 
difference between the value of the soil temperatures taken at one hour 
only during the day, and the mean for that day does not appear to be material 
except at shallow depths (say up to 15 inches). This would however affect 


the surface irrigation farms to some extent, and would tend to show the 
effluent temperatures higher than the actual mean for the day, taking the 


effluent temperature as being practically the same as the soil. 

From the diagrams it will be noticed that, broadly speaking, the effluent. 
temperatures in the case of the surface irrigation farms follow the 
variations of the air temperature, whereas the filtration effluents are not 


similarly affected. In March and October the effluent and air temperatures 


on all the four farms approximate each other closely. In the case of the 
filtration farms, the effluents from October to March are warmer than the 
air, whilst with the surface irrigation farms the reverse obtain throughout 
the year. The temperature of the effluents in many cases proved to be a 
very fair index of the amount of surface irrigation and filtration respectively, 
taking place at each of the different farms visited. 


The mean temperatures for the year at each of the four farms are 
appended. 





* T desire to acknowledge my indebtedness to Mr. William Marriott, Assistant Secretary of 
the Royal Meteorological Society, for valuable suggestions.—G.B.K. 























— Air in. the shade. Sewage. Hiffluent. 
Nottingham———-. - .- -  -/11-4°C. (52-6: F.) | 158°C. (605° F.) | 9°6°C, (49°4° F.) 
Aldershot Gamp|- =. = |---|. 12:1° (63-9) 11-0° (51:9°) 9°7° (49°5°) 
Croydon (Beddington) - |- -|  13°5° (56-4°) 133° (56°2°) —~|-~ -12-42(53+9°)— 
South Norwood -.. - - !-  -|. 131° (65-7) ‘| 11-6" (52°9°) 10°8° (515°) 


The difference between the mean effluent temperature for the year. at 
Nottingham and Aldershot Camp, taken at 6 feet and 3 fect 3 inches deep 
respectively, was only :056° C. (-1°F.). The greatest range in *the 
Nottingham mean monthly effluent temperature was 7:15° C. (12°9° F.); at 
Aldershot Camp it was 10°5° C. (181° F.) The two surface irrigation farms, 
South Norwood and Be dington, shewed a mean monthly range of 15-9°C. 
(28°7° F.) and 18°6° C. (33°6° F.) respectively. The Nottingham sewage has 
a high temperature throughout the year, which may possibly be due to some 
extent to the manufacturing refuse which enters the sewers, and also to: the 
fact that the asphalted top of the outfall sewer for some miles is exposed 
to the direct rays of the sun. 


It is well to bear in mind the fact that the evaporation and transpiration 
in summer is very great ‘on all the farms, particularly so on the Aldershot 
Camp Farm ; hence in reality a stronger sewage is being treated than that 
which arrives at the farm. This is borne out by the Aldershot Camp 
samples, which were distinctly stronger in June and July than in the spring. 
On the other hand, snow and rainfall tend to weaken the sewage in its 
course over and through the land, also tending to dilute the effluent and 
raising the level of the subsoil water. 


With regard to Beddington and South Norwood a large amount of 
transpiration takes place, the greater portion of the land under irrigation 
being rye-grass. A medium sized plant of rye-grass taken from South 
Norwood farm in the spring gave a superficial leaf area of 40 square inches, 
and as the plants grow closely together an immense area is afforded for 
-transpiration. The rye grass, and crops in general ‘too, have a tendency to 
keep the temperature of the soil even, extremes of heat and cold being 
ameliorated thereby. kn 


It may be noted in connection with the South Norwood farm, which rests 
on the London clay, that prolonged frosts penetrate much further into clay 
soils than in the case of light porous soils. ‘ 


A daily record of the humidity was taken at South Norwood (two visits), . 
‘Cambridge, Rugby, Altrincham, and Aldershot Camp, with a view fo 
obtaining data as to the smell from sewage farms. 


Broadly speaking, the degree of smell from sewaging operations was more: 
perceptible in the presence of a high degree of humidity than when the 
atmosphere was-comparatively dry. The diffusion of smell from sewage 
farms seems, however, to be largely influenced by other factors, such as. 
barometric pressure and absence of wind. | / ans 
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NOTTINGHAM. 


Mean Monthly Temperatures of Air, Sewage, and Effluent. 


Per nn I-I-IITU i i a nT Tics 
Effluent. 








C. 


F 


Remarks. 


11°9° (53:4°) | Mean daily tem- 


10°7° 
LLP 


(51°3°) 


(48°5°) 


(43-9°) 
(43-2°) 
(43°5°) 
(44°5°) 
(47°8°) 
(49°4°) 
(55°7°) 
(55:0°) 
(56'1°) 


Month, Farm. Air. Sewage. 
1900 : C. 1Dp C. F, 
October - - | Nottingham - Zl TR GEER 17°7° (63°9°) 

a 
November - Ks - 96° (49°4°) 16:9° (62°4°) 
Deeember “ - 6°4° (43°5°) 14°5°  (58:2°) 
1901 : 
January - a : 40° (39-2°) | 125° (54°6°) 
February - ; : 14° (34°6°) | 13°0° (55:4°) 
March - - “f - 5°6°  (42°2°) 13:2? (55°8°) 
April -  - 4 12°5° (52°6°) | 14:1° (57:4°) 
May 4 “3 : 15°7° (60°3°) | 165° (61°7°) 
June - - 6 172° (63°0°) 18°2° (64°9°) 
July - F 20°8° (69°5°) 190° (66°2.) 
August - : 4 - 17°6° (63°8°) 18°7° (65°8°) 
September - e 15-4° (59°8°) | 19:0° (66°3°) 
Averages for the year - -| 11:4 (52:67) 158° (60°5°) 











(49°4°) 


ALDERSHOT CAMP SEWAGE FARM. 


perature for the 
month of October 
1900. 


Mean Monthly Temperatures of Air, Sewage, and Effluent. 






































Month. Air. Sewage. Effluent. 
1900 : C. F, Si F. C. F. 
October - mb, 124" ee oda) 130° — (55°5°) 12:0° | (53:7°) 
November - - 91° (484°) 107 ma (bly 99° (498°) 
December - : (ORE: (460°) 9°5° (49°1°) Se (46°7°) 
1910: 
January . 40° (392°) 68° (443°) 62° | (43°3°) 
February ai ws ore loa) 56’, (422°) 46° — (40°3°) 
March  - 55° (41°9°) 69° (444°) 54° (41°8°) 
Agile ot ee 104° (50°8°) 90° —_ (483°) 66° = (440°) 
May “ie Lat TS8> . SB 120° (536°) 91° (484°) 
June - BL plesort (64:0°) 14°6° — (58°3°) 120° —_(53°6°) 
July SOND 2, be | B5-9* 1 TE") 176 — (63°8°) 14:1° — (57°4°) 
August - - - #4 20-7° (69°3°) 17:2? (63:0°) 14°6° (584°) 
September - -/ 19:0° (66:2°) 16-0° —_ (60°9°) 19°9° —-(57°1°) 
eats for the \ CD ee OSE 110° (519°) 9°7° —_ (49°5°) 


I A SR RR ORR RR es a SE A 








Remarks. 
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NotTiINGHAM SEWAGE FARM. Daly shade, sewage, & Effluent Temperatures trom October 1 1900 to September BO” 190). 
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Mean Monthly Temperatures of Air, Sewage, and Effluent. 


- CROYDON SEWAGE FARM—(Beddington.) 
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Remarks. 


err 


Temperatures are omit- 
ted for the 1st and 2nd 
October. 


Temperatures are omit- 
ted on 3rd January. 























Remarks. 








Temperatures were not 
taken from the ist to 
the 7th of November. 


Month. Air. Sewage. Effluent. 
1900 : ey oF F, C. F. 
October 2 =| 13'1° (55°6°) 14:1° (57-4°) 122° (540°) 
November - - -|, 9:8° (49°8°) 13°2° (55°8°) 9°6° (49°3°) 
December - - 94° (48°8°) 12 (O3-OR) 8°3° (47:0°) 
1901: 
January - - - af (42°35) 11:0° (51:9°) aT (39°72) 
February STEW) | 358% (38°9°) 9:9° (49°9°) 3°6° (38°5°) 
March See |. 2 G;3) (43°4°) 9°7° (49°6°) 6°2° (43°2°) 
Arie dee yn 12°7° (549°) 112° ,(52°2°) 10°9° (51°7°) 
May? -ii0e i) 161° (61°1°) 13°3° (56-0°) 13°7° (56°7°) 
dccemeeeeee se) 19:8 (67°7°); |’ 15°1° (59°8°) 15°6° (60°2°) 
Ulver s  - | 281°. ('73°7°) 171° (62°8°) 15-1?) (69°3"} 
August Bess) [22;60% (72°7°) 18°3° (65:1°) 99-99) (72-12) 
| 
September- - -| 20:2° (685°) | 16-4° (61°6°) 18°4° (65:2°) 
ae hl Ase (ea) | 18-4" (662% 121° (53-9°) 
{ 
SOUTH NORWOOD SEWAGE FARM. 
Mean Monthly Temperatures of Air, Sewage, and Effluent. 
Month. Air. Sewage. Effluent. 
1900 : ae Er. C. F. C. F. 
November - - -| 95° (49-2°) 10°7° (51:4°) 7:9° (46°3°) 
December - - - 8°4° (47°9°) 10°4° (50°8°) 75° (45°6°) 
1901 : 
January - - -| 51° (41°3°) 77° (45°9°) 39° (39°1°) 
February ~" 92° -| 3-0° © (87°4°) 5:1") (41°3°) 2-0") 1(37°S)) 
March 9 © *” -|  5°7°. (42°3°) 74° (45°4°) 5°3° (41°6°) 
April - #5 .f4.9.- |. 11-8. (53°3°) 9-4° (48°8°) 9-9° (49°9°) 
May - «+ «> = | 16°8°. (62°3°) 11°6° (53:0°) 172 (531) 
Singers eet OP! 4 bare (65-79) 14:6° (58°4°) 15.8° (60°6°) 
Wialyes = lt ee | 2377. (74°8°) 16:8° (62°3°) 188° (66°0°) 
August -«- »- -| 21°6° (70-9°) 171° (62°8°) 17°5° (63°5°) 
September- - -| 19:1° (66°5°) 15°5°  (60°0°) 15:4° (59°8°) 
October, - ~- + {| 140°. (57-2°) 12°9°  (55'3°) 13°2° (55:9°) 
TAR MLE al 13-1° (55°7°) 116° (52°9°) 10°8° (515°) 


Year 
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APPENDIX B. 





SOIL AND SUBSOIL SAMPLES. 


Samples of surface soil* and subsoil were taken from the following eight 
farms, viz. :—-Altrincham, Aldershot Camp, Beddington, Cambridge, Leices- 
ter, Nottingham, Rugby and South Norwood. 

All samples were taken from within the irrigable area. The samples 
were drawn in the following manner, six tins being used for the surface soil, 
and six for the subsoil. 

Each of the six tins in the case of the surface soil was filled with three 
approximately equal portions of soil, drawn from different parts of fields 
having the most typical soil, but which were not actually under sewage at 
the time of sampling. The soil was taken both from the actual surface of 
the soil and also at the same spot about half way down the full depth of 
surface soil. 

Thus, the six tins combined contained eighteen samples of surface soil. 

The subsoil samples were drawn in a similar manner to the surface soils, 
with the exception that each of the six tins was filled with two portions of 
subsoil instead of three, making twelve samples in all. 

The subsoil samples were taken at the depths of about twelve and 
eighteen inches from the base of the surface soil. At Nottingham, owing to 
the laying of the new syphon carrier, a section of the soil and subsoil was 
exposed for many hundred yards. At Beddington and Cambridge there 
were also exceptional opportunities of obtaining accurate sets of samples, 
excavations at Beddington, and draining operations at Cambridge being in 
progress. In the case of Leicester sewage farm the subsoil sample was taken 
from the yellow clay overlying the boulder clay. | 


TWENTY-FOUR HOURS SEWAGE SAMPLES, 





These samples were taken at the followmg farms :—Leicester, South 
Norwood, Beddington, Aldershot Camp, Nottingham, Rugby, and Cam- 
bridge. 

At Beddington and South Norwood these samples were taken con- 


tinuously for a period of seven days. At the remainder of the farms they 


were taken for three days only. 

The sewage in every case was taken inthe same state in which it is 
applied to the land; that is to say, after any screening, settling, etc., had 
taken place. 

The method employed in sampling was to take an equal quantity of 
sewage hourly for 24 hhours, each hourly sample being placed in a covered 
vessel, the contents at the expiration of each 24 hours being thoroughly 


mixed with a glass stirring rod, and one or more samples drawn from the 


mixture. 


The following table shows the various processes the sewage was sub- — 


jected to before being sampled :— 


Aldershot Camp : - Screening and settling tanks. 
Beddington — - : - Screening. 

South Norwood - - Screening and settling tanks. 
Rugby - - - Screening and settling tanks. 
Nottingham - - - Screening (partial). 

Leicester - - - - Screening and settling tanks. 
Cambridge - - - Screening and settling tanks. 


In order to avoid disturbing any sediment in the carriers from which the 
samples were drawn a glazed vessel was fastened to a rod about six inches 
from the bottom, the vessel being dipped into the sewage until the point of 


the rod rested on the carrier invert, withdrawn, and carefully emptied into the 
‘covered vessel. 


=* By “surface soil” is meant the top layer of the subsoil (or weathered portion of the stratum 


immediately underlying the subsoil) ; such surface will have been modified by rainfall tempera- 
ture, crops, sewaging, worms, etc. 
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Rainfall interfered considerably with the samples obtained from Bed- 
dington, the whole of the storm water coming to the farm, with the exception 
of that carried off by the separate system. At Cambridge and Nottingham 
also rain fell, but not in any great quantity. 

As the samples were drawn hourly in equal quantities, and not according 
to the rate of flow, they cannot be regarded as true average samples, although 
in the case of a large amount of subsoil leakage to the sewers, the sewage 
being taken in equal quantities, would not affect. the samples so much, the 
sewage flow being somewhat equalised by subsoil water, which enters the 
sewers with greater facility when the sewage flow proper is at its lowest. 
Hence, the greatest dry weather flow generally taking place when the sewage 
is strongest, “the above samples may be looked upon in general as being 
rather weaker than the true average sewage for the 24 hours. 
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APPENDIX C. 


SEWERAGE SYSTEMS. 


The separation of rain water from sewage to the fullest extent practi- 
cavle renders the efficient disposal of the sewage at the farm a matter of far 
less difficulty than when the farm manager does not know whether during the 
next hour or so he may be having five or ten times the normal quantity to 
deal with, temporarily throwing the working of the farm out of gear. 


For purposes of discussion sewerage systems may be broadly divided 
into two classes— : 


(1) The combined system, in which all roof and surface water from 
streets, etc., is admitted to the sewers. 


(2) The partially separate system, in which water from the streets, pave- 
ments, and front roofs of houses is carried off direct to the watercourses, 
streams, etc., by a separate set of sewers and is not in any way treated. 


The separate system proper is rarely carried out in its entirety. 


For the entirely separate system three sets of pipes are required for 
water-logged subsoils, viz., sewage, subsoil water, and surface water pipes. 


In what follows, therefore, when the “‘separate” system is spoken of, it 
is intended to refer to the “ partially separate ” system. — 


Both the separate and combined systems have many advocates, and it 
may be well to deal in detail with the several features peculiar to each 
system. 


The tendency of most towns at the present day is to provide the separate 
system in all new streets, and also under certain circumstances when 
replacing old lengths of defective sewers. 


One advantage accruing from the separate system is that the fluctuations 
in the sewage flow at the outfall works, which occur in times of storm 
with the combined system, are greatly lessened, the extent varying according 
to the degree of separation carried out. It must however be remembered 
that even with the separate system it sometimes happens that the rate of 
flow of the sewage proper may be increased several times for some hours, 
avd that storm overflows cannot be dispensed with. 


In addition the amount of sludge received on the farm is materially 
reduced, owing to the street gullies taking off the road detritus. These 
gullies during heavy rainfall rapidly fill up with detritus, ete., from 
street scourings, and when this occurs the grit is washed directly to the 
sewers in the combined system. ) 


On the other hand street and backyard scourings are very frequently, 
for a time at all events, almost as foul as the sewage itself, and particularly 
is this the case in the poorer and densely populated districts of a large 
town, where the streets are narrow and the sanitary arrangements of a 
primitive character. 


In such places there isa tendency to empty slops and other objectionable 
matter into the streets, with the result that it finds its way to the separate 
system through the street gullies. This fouling of the streets is particularly 
noticeable in districts where tub closets and privies are in use. 


In connection with the above it may be well to point out that if two sets 
of drains exist at the back of houses, there is danger of the sewage drain 
heing connected to the rain water sewer, either purposely or otherwise, in 
the event of anything going wrong with the former: This however should 
not occur with proper supervision. 
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It is often urged in favour of the combined system that the rainfall 
admitted to the sewers materially assists in scouring out the sewers, and 
there is no doubt that to some extent this is the case, but it is chiefly in dry, 
hot weather, and in the absence of rainfall that the sewers require flushing 
most of all, and this can only be assured regularly by means of flushing 
chambers at the heads of the various lines of sewers. 


Another point with regard to the combined system is that it would be 
practically impossible in most towns having a high rainfall to construct sewers 
at any reasonable cost, capable of carrying off all the rainfall, apart from the 
question of treating it, and even supposing it to be feasible, the flow in . 
sewers of such a size during dry weather would have an exceedingly low 
velocity, and an enormous amount of water would be requisite to flush them 
satisfactorily. 


Where the sewage is treated by precipitation, and large volumes of rain- 
water are admitted to the sewer, it is probable that this would necessitate 
an increased dose of chemicals, and consequently increased cost of treat- 
-ment. On the ground of cost, too, it is also desirable in pumping schemes 
to reduce the volume to be pumped as far as possible. 


Kegarding the relative cost of the combined and separate systems, 
much must necessarily depend upon local conditions, ¢.g., whether facilities 
exist for discharging the storm water without long and therefore large 
sewers. The latter system, taking everything into consideration, is seem- 
ingly not so expensive as it appears at first sight, although insistence on the 
separate system of course increases the liability of frontagers upon private 
streets. In the separate system, for instance, smaller sewers can be laid to 
take the sewage proper, and also a small proportion of rain water, and in 
many cases old sewers exist which can be utilized for carrying off the balance 
of the rain water. 


In cases where new rain water sewers have to be constructed, they will 
not as a rule be so expensive as the foul water sewers, from the fact that 
basements of houses have not to be drained, and therefore the separate 
system pipes do not need to be laid sodeep. Moreover, they can often have 
many outfalls, as it is not essential that all the surface water (like the sewage) 
should be discharged at one point. Flushing of rain water sewers is required, 
as in the case of the foul water sewers, and in addition the cost of main- 
tenance and supervision have to be taken into account. 


From the foregoing it will be seen that it may be advantageous from a. 
practical point of view to provide the separate system either wholly or in 
part, according to the requirements of the case, but that this must be deter- 
mined largely by what the nature of the street washings is likely to be, and 
whether the liquid is going to be discharged into a drinking or non-drinking 
water stream. 

In the case of drinking water streams, at all events, the question turns. 
upon whether the liquid derived from streets, etc., is—at certain times—to be 
regarded as in any degree less harmful and polluting than a dilute sewage. 


In other words, is it better (1) to receive the rainfall into the foul water 
sewers and have a system of storm overflows frequently coming into operation, 
or (2) to divert as much as possible of the rainfall into the separate system 
sewers and have storm overflows on the line of sewers proper, which shall 
only work under exceptional circumstances, such as when the sewers are 
running full or under pressure. 

This appears to be a question to be decided from the chemical and bacte- 
riological standpoint, having due regard to the fact that, (1) in the majority of 
cases storm overflows will be a necessity with both separate and combined 
systems if flooding of streets is to be avoided, (2) that both storm overflows 
and separate system pipes frequently discharge into the same stream or 
river which receives the effluent, and (3) that if large volumes of sewage and 
storm water are dealt with on land already saturated with rainfall, the 
result will be that the volume of the eflluent from the farm will be very 
greatly increased. 
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STORM OVERFLOWS. 


The question of storm overflows is an important one. It is probably 
impracticable that sewers should be constructed to carry off all the rainfall 
which must reach them under certain conditions — and it follows that safety 
valves in the shape of storm overflows must be provided to carry off at a 
certain point or points sewage and storm water in excess of that which the 
sewers are required to deal with. 

Even with the partially separate system it must be remembered that 
short showers, if intense, will increase the normal rate of flow many times 
over for the time being. ‘This can be easily understood, when it is recollected 
that during rainfall the back roofs and yards in a town, which are usually 
constructed of more or less impervious material, will contribute to the sewers 
proper. 

Again, the question of how much surface water will get to the sewers 
depends in great part, as previously stated, on_ the rate of fall or intensity 
of the rainfall. For instance, a rainfall of ‘25 inch in 15 minutes may cause 
a large increase in the sewage flow for the time being, whereas the same 
amount (‘25 inch) spread over several hours may scarcely affect the flow 
appreciably. 

Although the total proportion of rainfall to the sewage for the year may 
appear small, this can by no means be accepted as proof that the 
sewers have been sufficient to deal at all times with the flow of storm water 
and sewage without bringing the storm overflows into operation. For 
example, it sometimes happens that for some hours (even in partially 
separate systems) the rain water reaching the sewers may increase the rate 
of flow by as much as ten times. | 

The infiltration of subsoil water to sewers is frequently a disturbing 
factor. Its immediate effect is to equalize the hourly variations in the 
sewage flow for the reason that during the night and early morning the flow 
of sewage per sé is in most cases at its lowest. Hence at this period the 
pressure of the subsoil water from without is more than ordinarily greater 
than the pressure of the sewage from within. Of course the conyerse (2.¢., 
pollution of the soil with sewage) may occur when the sewage is under 
pressure. 

The nature of the strata in which the sewers are laid affects the quantity 
of subsoil water likely to gain access to the sewers, 7.é., a Maximum amount 
would be likely to occur in a water-bearing gravel, and a minimum in a stiff 
clay subsoil; there is, however, a tendency of subsoil water in a clay soil to 
flow along the pipe line as the line of least resistance. 

In some districts where subsoil leakage occurs, a considerable after effect 
of rainfall is felt, affecting the volume of liquid received at the outfall for 
some days after the rainfall. : 

As arule it will be found that in sewerage schemes where pumping is 
employed, the sewers are better laid, and there is less infiltration of subsoil 
water than in gravitation schemes, and consequently the volume of sewage 
to be pumped is reduced as far as possible. In anew sewerage scheme an 
allowance for leakage to the sewers of one cubic foot of subsoil water per 
mile per minute for all sewers is generally considered the limit. 

At what point a storm overflow should come into operation seems to be 
a matter to be determined by local circumstances, such as the nature of the 
sewage, volume of subsoil water gaining access to the sewers, and volume of 
the river or stream into which the storm overflows discharge. 

Assuming 30 gallons per head as a fair average, the sewage in some towns 
is, by reason of subsoil water already diluted to two or even three times 
the normal 30 gallons, and therefore such cases as these would seem to stand 
on a different basis so far as storm water is concerned. 

Taking the case of two non-manufacturing towns of the same population, 
but one (A) producing 30 gallons of sewage per head per day, and the other 
(B) owing to subsoil water, 60 gallons of sewage. 

_Assuming that both of these towns have storm overflows working 
at six times the mean dry weather flow, the overflow from (4) will discharge 
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at 180 gallons per head, whereas (B) will have to treat 360 gallons per head 
before an overflow is permitted, although presumably the quantity of 
polluting matter produced by individuals in either (A) or (B) is to all intents 
and purposes the same. 

It follows that in such a case, (B) will be put to considerably more 
expense, both in laying down a sewerage system, and also in provision of land, 
to deal with such a large volume of sewage which is weaker in nitrogenous 
matter than the liquid overflowing untreated in the case of (A). 

The usual practice followed in the arrangement of storm overflows is to 
divide the town sewered into separate drainage areas as far as possible, 
each area having one or more storm overflow in addition to the main storm 
overflow on the outfall sewer. 

The object of this is to carry off the storm water as soon as possible, 
and thus relieve the branch sewers ; otherwise an immense volume of water 
would have to be dealt with by the overflows on the main outfall sewers, 
gorging the sewers and causing the sewage to rise up several feet in the man- 
holes. The question of how much storm water is to be dealt with is, from 
the point of view of expense, of vital importance where the sewage has to 
be pumped. 

The ordinary pumping of the dry weather flow is an expensive item in 
itself, but when to this is added large volumes of storm water, it becomes 
a very serious matter to a small town, both as regards initial outlay for 
pumping plant, and also the increased cost of pumping. 

The fact must not be lost sight of that during storms the manager of 
the sewage farm often has, in the case of storm overflow working at a large 
number of dilutions, to dispose of large volumes of sewage and storm water, 
when the land of the farm itself is already saturated by the rainfall, and 
usually at times when the crops are least in need of excessive moisture. 
Moreover the volume of effluent from the farm will be largely increased. 

With regard to the amount of storm water likely to reach the sewage: 
farm during rainfall, it may be observed that there is no invariable relation 
between rainfall and increase of flow at the sewer outfall, this depending 
upon a variety of circumstances, amongst other things, the slope of the ground, 
size, length, and gradients of the branch and outfall sewers. It does not. 
necessarily follow therefore that because a rainfall of 5 inch from noon 
until 3 p.m. on one particular day gives, say, six times the ordinary rate of flow 
for that period, that the same amount can be relied upon on another 
occasion, with a similar rainfall of like intensity. A saturated surface and a. 
high degree of humidity give a maximum “off-flow,” and, conversely, a dry 
surface with a high temperature and drying wind will give the reverse, 
with an infinite number of gradations between the extremes. Frequently 
an immense “ off-flow” is caused after a severe frost and snow, by 
a sudden thaw accompanied by rain, the frozen state of the ground render- 
ing it practically impervious. 

From the foregoing it will be seen that it is impossible to arrange a fixed 
storm overflow so that at any period of the 24 hours the overflow will take 
place when the Sewage is diluted to an equal extent; because the flow of 
sewage during the 24 hours fluctuates to a marked extent ; causing an over- 
flow during the period of maximum flow at less than the desired dilution, and 
possibly not acting during the period of minimum flow when the desired 
dilution is more than exceeded. 

It is well to bear in mind the fact that—in the case of the ordinary 
storm overflow cill—if, say, 6 inches of liquid are passing over the cill, it 
means an additional head of 6 inches acting on the outfall sewer. In the case of 
pumping schemes the amount received at the farm can of course be regulated 
by keeping the pumps at a constant known speed, in which case all the over- 
plus must go off by the storm overflows. 


SETTLING TANKS. 


The question of settling tanks in connection with the land treatment of 


sewage is an important one. 

The primary object of settling—(or sedimentation)—tanks, is to remove 

the bulk of the suspended solids in the sewage before going on to the land, 

by subsidence, either (1) mechanical, or (2) with the aid of chemical piecipe 
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tants. In the latter case, the quantity of sludge produced will be largely 
increased. 

The different forms of settling tanks in use are almost numberless ; they 
are, however, all worked either on the continuous or quiescent system. 

In many pumping schemes a portion of the outfall sewer is enlarged to 
act as a storage tank, and so save night and Sunday pumping. 

This appears to be an advantage in many respects, and the hourly 
variations in flow tend to become equalised by this method, a matter of 
considerable import if there is much manufacturing refuse. The chief 
objection to this method is the rapid silting up of the sewer which takes 

lace. 
i With the continuous system, the sewage is constantly running through 
the tanks, whereas in the quiescent method, a tank is filled with sewage, 
allowed to rest for a certain period, and the clear portion of the liquid drawn 
off, usually by means of floating arms. Unless the effluent is pumped from 
the tanks, the latter system requires several feet of fall. 

The efficiency of settling tanks varies, up to a certain point, almost 
proportionately to the rate of flow through them. It should be stated, 
however, that, beyond that point, the extra amount of sedimentation effected 
by any additional stay in the tanks is exceedingly small. 

It follows from this that during the night and early morning, when the 
dry weather flow is usually least, the stay in the tank will be considerably 
longer than at midday, when the sewage is very much stronger. 

As regards cost, the continuous system is the more economical of the 
two methods, both as regards initial cost and also labour in attendance, and 
will alone be considered here, as a preliminary to land treatment. 

On the design of the settling tanks, apart from the question of effective 
sedimentation, depends in great measure the question whether the removal 
of sludge is going to be a tedious and expensive operation or the reverse. 
Tanks which are difficult to clean out are very seldom cleaned as often as is 
necessary, and this omission frequently causes a nuisance in their immediate 
vicinity ; the design should be such as to facilitate cleaning with a minimum 
of labour. 

Another fault that is commonly met with is that insufficient slope is 
given to tank floors, the sludge in consequence not sliding properly to the 
sludge sump, and necessitating much manual labour, and consequent expense. 

Of rectangular tanks the best form seems to be that in which the tank 
bottom slopes downwards from the outlet cill to the inlet of the sewage. 

With this form the bulk of the sludge has a tendency to remain at the 
deeper (or inlet) end of the tank, and can here be withdrawn by opening a 
valve without greatly disturbing the surface liquid. 

The greater the length of the overflow cill, the more even will be the 
flow of liquid over the cill, and, consequently, the more even the sedimenta- 
tion ; in connection with this point diagrams are given (Aldershot Camp, 
Add. B. VIL. ; Cambridge, Add. B. TIT. ; Leicester, Add. B.IV.) showing the 
rapid fluctuations which take place in the flow of liquid over tank cills 

The sludge resulting can, if the levels permit, be run off either (1) 
directly into a sludge bed, (2) into the carriers and thence to any part of the 
land desired, or—if this is impracticable—(3) run into a sludge well, and 
raised by means of a chain pump or other method to the required level. 

The capacity of settling tanks for the majority of sewage farms would 
seem to be largely governed by local circumstances, such as the nature of 
the soil by the agency of which the sewage is to be purified. | 

For instance, the suspended solids in a tank effluent going on to a heavy 
clay soil would naturally require to be removed as far as possible, whereas 
with a sandy soil of poor quality, there would be no object in removing any 
but the grosser solids, unless the sludge can be regularly disposed of at a 
profit, which is seldom the case. 

The more effectually a sewage is settled, the larger the amount of sludge 
produced, which ‘in the case of farms with light soils is usually dug or 
ploughed into the land by labour. 

The layer of sludge deposited by the sewage in course of irrigation 
methods is far more evenly distributed than by manual labour, and therefore 
in such cases there would seem to be no advantage, but rather a distinct 
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disadvantage, in having tanks of a high capacity. At the same time, solids 
must not go on to the land in sufficient quantity to lie on the surface for any 
length of time and create a nuisance. 

The general rule for the capacity of settling tanks is based on the fact 
that 8 per cent. of the total dry weather flow may be received at the farm 
in one hour. 

Two hours is the usual time required for efficient sedimentation, 
therefore a tank to allow a settlement of two hours must have a capacity 
equal to 16 per cent. of the dry weather flow. 

This tank cannot be used during cleaning operations, and so a second 
similar tank will be required, bringing the capacity up to 32 per cent. A 
third tank for use during storms brings the total tank capacity up to 48 per 
cent. (or about 50 per cent.) of the dry weather flow. 

It is usually convenient to subdivide the tanks, as by this means a 
larger portion of the tanks continue working when cleaning out takes 
place. 

In the case of upward straining tanks (¢.¢, where the sewage rises 
through a layer of filtering material, resting on a false bottom, and thence 
over the tank cill), the tank capacity will not, of course, need to be so high 
as in the case of the ordinary form of settling tank. 

The above rule would appear to answer well in the case of heavy soils, 
but as there are farms which without tanks satisfactorily deal with the 
whole of the suspended matter, in the ordinary course of sewaging operations, 
it is clear that this rule is not universally applicable. 

The degree to which suspended matter should be removed from a tank 
effluent seems to be one which largely depends on (1) the condition in which 
the sewage arrives at the farm, (2) the amount of suspended matter the land 
can effectually deal with, (3) the facilities for regular disposal of the sludge, 
if removed from the tanks. 


UNDERDRAINS AND CARRIERS. 


The cost of laying out land for sewage treatment varies entirely according 
to local circumstances, such as the configuration of the land, number of 
carriers and underdrains, nature of subsoil, distance materials have to 
be carted, etc. As arule, with a porous soil and subsoil, it seems advisable 
in the first place to put in as few underdrains as possible, and where prac- 
ticable to lay these under the farm roads. It is usually easy to add additional 
drains should these be found necessary, whilst the removal of existing drains 
is an unsatisfactory process. In cases where a large amount of subsoil water 
exists, an underdrainage system is of advantage in this respect, namely, that 
it lowers the subsoil water, and thus gives a greater depth of material in 
which to purify the sewage. As a general rule all land (excepting clay) 
should be drained where the subsoil water lies four feet below the surface of 
the ground. Ifthe water table lies on an average at, say, a depth of four feet, 
and this can be reduced a couple of feet by means of an efficient underdrainage, 
two additional feet of filtering medium are obtained. Deep and well-drained 
ditches tend to reduce the subsoil water level. It may be noted that in the 
case of the Nottingham sewage farm, where the underdrains average six 
feet in depth, this means (taking the average depth of drains on most farms 
at three feet) that the farm has in reality double the area of a farm of the 
same size with drains only three feet deep, although of course without the 
top soil in the one case. 

Underdrains undoubtedly assist in aerating the soil. Insome cases air- 
vents are placed at the end of the main drains; in such cases, unless the 
mouth of the pipe is carried at least a foot above the surface level of the 
ground, the sewage during storms flows direct through the vents to the 
underdrains unpurified. Where such vents are in use iron gratings fitted to 
the mouths of the pipes are advisable to prevent stones, etc., gaining access 
to the underdrains. ; 

For ordinary purposes of draining the agricltural butt tiles answer 
well for feeder drains ; in special cases, howeveusuch as in peat y soils 

and land liable to subsidence through coal workings, etc., second quality 


128 


socketted pipes with open joints seem advisable, although where these are 
employed the filtration of effluent to the pipes is through the joint of thee 
pipe only, and not through the whole of the surface in addition as in the: 
case of the unglazed pipes. The joints in the latter, too, are more numerous. 
owing to their shorter lengths. In the case of socketted pipes a direct 
waterway is apt to be worn by the effluent. The question of the filling 
above the underdrains is a most important one. The filling in and ramming: 
should be very carefully carried out, leaving no loose place allowing the 
effluent direct access to the drain. 

The soil should be filled in as taken out, so that the surface soil remains. 
on the top. Turfing is sometimes laid over the drain joints before bemg 
filled in; this appears to answer in some soils, but in others there appears 
to be considerable risk of the turf decaying and causing the filling 
immediately above it to subside. Underdrains appear to “ draw” best when 
laid either at right angles or diagonally to the slope of the land. 

Drains laid parallel have this advantage, namely, that in sewage opera- 
tions the sewage can be confined to any particular strip of land, and thus in 
the event of anything going wrong with the drains, the sewage can be 
shut off from each drain until the one causing the mischief is reached. 
Where the face of the land is uneven, it is frequently necessary to lay the 
drains herring-bone fashion. 

The main drains or master drains, to which the subsidiary or feeder: 
drains are connected up should be socketted stoneware pipes. Heavy 
clay subsoils should only be underdrained on one condition, namely, that (as 
at Leicester) the drain effluent can be picked up and re-treated on the: 
surface. 

The draining of dense clay soils only tends to aggravate the deep cracks 
which always occur in hot weather, and as a consequence the sewage runs. 
direct to the drains with hardly any treatment. Turf overlying a heavy clay 
tends to ameliorate this tendency to crack. It is unusual on many sewage 
farms to find two fields that give similar results under similar conditions, and 
it is frequently necessary in the case of a surface irrigation farm to put in a 
few underdrains to assist land which is liable to become waterlogged, and 
which would otherwise take daysto dry off. The distances apart of feeder 
and main drains depend entirely on the nature of the soil and subsoil and 
the quantity of water to be dealt with. The surface soil acts as a regulator ° 
to the rate of filtration per square yard, and in the case of a loose, porous. 
soil, overlying loose gravel and shingle, the drains will usually have to be laid 
much closer than in the case of a fine soil overlying sand, where the percola- 
tion as a rule is exceedingly slow. 

The distribution of the sewage over the land cannot be too carefully” 
attended to. On comparing the system of distribution obtaining on the 
majority of artificial filters with the frequently crude methods by which 
sewage is poured on to the land, it seems probable that if the sewage : 
were distributed on land even approximately as carefully as on 
artificial filters, greatly improved results would accrue as regards the effluent. 

A proper ratio between the sewage flow, carriers, and underdrains — 
should be observed, having due regard to the maximum amount of storm 
water to be dealt with at the farm. The flow in carriers may vary greatly 
thoughout the 24 hours (see Croydon, Beddington —Addendum B. III.) with — 
the normal flow of sewage. The size and distance apart of the under- | 
drains will be governed principally by the porosity or otherwise of the soil 
and subsoil, ete. 

Itshould be borne in mind that when there are no settling tanks, or ~ 
where the capacity of the tanks is not sufficient, the carriers themselves act | 
largely as_ settling tanks. 

This fact is especially noticeable in the case of the Nottingham sewage - 
farm, where the carriers act as settling tanks, and probably the comparative 
absence of sludge on the farm is in part due to the fact that a certain amount - 
of the sludge is digested in the carriers. The layer of sludge on a carrier” 
invert witha slow velocity is not disturbed appreciably ; further, the capacity ~ 
of carriers on a sewage farm sometimes amounts to a large percentage of the - 
dry weather flow. 
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In cases where the land receives the sewage direct from the carriers it 
also acts as a settling tank on a large scale. 

Open sewage carriers where practicable seem preferable to piped carriers, 
the latter being very difficult to clean. They also appear to encourage 
sewage weed growths. | 

If piped carriers are laid at a steep gradient and eyelets are used with 
stoppers for sewage outlets, the sewage has to be held up in the carrier to 
enable the higher portions of the land to be sewaged, and when the lower 
part of the land is sewaged, all the silt (particularly in storms) is washed 
out on to the land where it can least do with it. 

To distribute sewage efficiently on a porous soil and subsoil far more 
subsidiary carriers are needed than for an impervious soil, and this fact is 
accentuated in cases where the land is laid out in large plots. The smaller 
the plots, as arule, the easier the distribution of the sewage becomes. 

On the other hand a multiplicity of permanent carriers interferes with 
ploughing and cropping operations, and in consequence the land is not so 
frequently ploughed and cleaned as would otherwise be the case. 

In the case of rye grass as a principal crop, if the plough cuts for 
bringing on the sewage can conveniently be made a constant distance apart, 
a considerable time is saved in measuring up, when the crop is gathered by 
piece work. 

Earthen channels or carriers are, as a rule objectionable, from the fact 
that each cleaning out has a tendency to deepen them. They also 
encourage vegetation, and rats, moles, etc., frequently cause the sides to 
fallin. Where used they should be maintained at their proper levels. 

Carriers should be frequently cleaned out, and any adjacent vegetation 
trimmed. The greater part of the smell attributed to sewage farms may be 
traced to accumulations of filth on the sides of carriers and on the over- 
hanging herbage, etc. If properly attended to this should not occur. 

Plough-formed sewage grips like those just mentioned should not be 
continued to the end of the field, but run out before the bottom of the plot is 
reached, otherwise in the event of a storm the sewage is washed over the 

lot. 

: Deposits taken from the carriers should be thrown at least six feet from 
the carrier’s edges. These deposits generally contain sweepings from seed 
merchants’ shops, etc., and if left near the carrier speedily form a deuse 
growth over the carrier edges. When the carrier outlets are much above 
the level of the land they discharge on to, slabs may be placed for the sewage 
to fall on, or the sewage may be run on to the land by an ordinary earthen- 
ware pipe terminating in a T-piece spreading the sewage out to right and 
left, otherwise besides injuring the crops, holes are constantly washed in the 
soil, which, on a heavy soil, retain sewage after the field is dried, causing a 
smell. 

Carriers require cleansing frequently or otherwise according to the 
amount they are used, the character of the sewage, and also according to the 
gradient at which they are laid and roughness of the carrier sides and invert. 
As a rule carriers require cleaning out trom three or four times a year to 
once a month or oftener. 

Speaking broadly, surface irrigation requires more carriers than filtration. 


Ph 

































ee a ore ean 

i 2ehiveu acbbaketnt tages Anak sft sive ro aia 
, Sho 0% Sy ape Bi BR, FST 
enpogy) ok Wapkonip ataoe: oleh Ont y sams pert? 
. | Oa See) isi pins oll ta ara oat 


ie La ure oe : ' 
i | i Sod tobh Dial itn ee 
2 ban : . ss fet fein pa 4h abi ey, aT. 

ib <t : * Fach hd ‘t nih tito 


{Rae ey Ts ‘Lomi 


~ 


‘ , 
’ ‘1s5 > } {ia yy 
a te 
dS dhe oC ere 
et 7 beeih Vi 3 
- X ' 
‘A 
at i Shi J 
‘ “% 
ie ' 
4 : : iA Ng 4 
nay P 
+ gm 
za A133 $ pt 
= : » \ > 
t 
bi i¥ if i 
¥ “at i 
iat Eady 
* a! 
¢¢2 fis 


se Bhs bef Haw Wio- ROG 
P : ; haan” ae 
j . i 7 amet 

‘ wea 6 be 


Pi 
i r 
. ' 
: -f ‘ 
PS =5 \ 6 a 

see ; 
ae ed : 
Pry nie Wis ae 

2 ma Le ae | 
; Voi 56) i 
" ; . aes 
, Ad Ci tote teas LO os mse | 
4 ber aide i? Palys $i! MORE. . frets r 
i ag = rs , 
A "4 alge ea Loess Di saine ran ane 
weak AGH, at Penal: ; coke ‘ 
se ie. ea ‘x 
iahard, wy SR ti 
eayeyt : nes PD eee hy Wetot y Wigs 
rs ‘ ae y: ets. 4) aes oa 
% * Ast , wfraks ABA ‘ame 
~ 2 ‘ oe i" E 1 ' ; ue zs wet Tete a OR 
1 . al — 
i) a ae 
v = » 7 . pe only 
Li i mT! : v 4 WOE y Dt: ; 
: - + P ar eae: Sd I Per} Vie 
t ry ' \ d a : c 


Hig Tat eth Oey 


onthe 








ROYAI COMMISSION ON SEWAGE DISPOSAL 


SUPPLEMENTARY VOLUMES PRESENTED WITH THE 
FOURTH REPORT 


OF 


THE COMMISSIONERS 


APPOINTED IN 1898 


TO INQUIRE AND REPORT WHAT METHODS OF 


TREATING AND DISPOSING OF SEWAGE 


(INCLUDING ANY LiquID FRoM ANY Factory oR MANUFACTURING PROCESS) 


MAY PROPERLY BE ADOPTED. 





VOLUME IV. 


PART V.—REPORT TO THE COMMISSION BY DR. G. MCGOWAN, 
Mr. R. B. FLORIS, ALC, AND Mr. R. 8. FINLOW, B.Sc., 
ON METHODS OF CHEMICAL ANALYSIS AS APPLIED 
TO SEWAGE AND SEWAGE EFFLUENTS. 





SaaS” 


Hresented to bath Pouses of Parliament bp Command of Bis Majestp. 











LO.N DON: 
PRINTED FOR HIS MAJESTY’S STATIONERY OFFICE, 
BY WYMAN AND SONS, LIMITED, FETTER LANE, E.C. 





And to be purchased, either directly or through any Bookseller, from 


EYRE anp SPOTTISWOODE, East Harpine Street, FLEET Street, E.C.; and 
32, ABINGDON STREET, WESTMINSTER, S.W.; or 


OLIVER anp BOYD, EDINBURGH; or 
E. PONSONBY, 116, Grarron Srreer, DuBLIy. 


1904. 
[Cd. 1886]}—IV. 





l., 
i 


| 


o 











A 
’ 








lina ded, ie AO adeic MB 


ROYAL COMMISSION ON SEWAGE DISPOSAL 


METHODS OF CHEMICAL ANALYSIS AS APPLIED TO SEWAGE 
AND SEWAGE EFFLUENTS. 





By Dr. G. McGowan, Mr. R. B. Floris, and Mr. R. &. Finlow. 








6225 (v.). 1500.—Wt. 26170. 9/04. Wy. &S. a 





EXTRACT FROM THE FOURTH REPORT OF THE ROYAL 
COMMISSION ON SEWAGE DISPOSAL. (1904. Cp. 1883) 


28th December 1903. 





“We have considered it desirable to publish, at this stage, the results and informa- 
tion which have been obtained by our own officers in regard to land treatment of 
sewage and methods of analysis, but. we shall defer reporting on these matters until 
our investigations, which are now in progress, in regard to other methods of sewage 
treatment, are completed.” (Paragraph 117, page xliii.) 
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PREFATORY NOTE BY DR. McGOWAN. 





In presenting to the Commission the following Report upon Methods of 
Chemical Analysis as applied to sewage and sewage effluents, I wish to 
express my hearty thanks to the various assistants appointed under the 
Commission for the care and thoroughness with which the work has been 
carried out. Much the largest share of it has fallen to Mr. R. B. Floris, but 
Mr. Finlow also did a great deal; hence the following Report is a joint one 
by them and myself. Mr. Eric H. Richards, B. Sc., has during the past two 
and a-half years given most efficient help, not merely in carrying out the 
ordinary duties of the day, but also in improving various methods of analysis, 
while for the past year Mr. A. C. Carter, A.I.C., has also done excellent 
service. In the first year of the Commission Miss H. Chick, D.Sc., 
examined, along with myself, a number of the processes detailed in the 
following Report and materially helped forward the investigation ; among 
other things, the work embodied in Appendices 2, 3, 4, and 7 (2) was done 
by her. I should also like to take this opportunity of thanking my colleague, 
Mr. Colin C. Frye, for a number of helpful suggestions made by him from 
time to time. 


GEORGE McGowan. 
Ealing, June 1904. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 





REPORT TO THE COMMISSION ON METHODS OF CHEMICAL 
ANALYSIS AS APPLIED TO SEWAGE AND SEWAGE 
EFFLUENTS. 


By Dr. G. McGowan, Mr. R. B. Froris, anp Mr. R. S. Frintow. 


—_—————— 


METHOD IN WHICH THE RESULTS oF ANALYSIS ARE EXPRESSED. 


All figures given in the following paper are expressed in parts per 
100,000 by weight, excepting those referring to (a) solids (2.¢. mud) as deter- 
mined by the centrifuge, which are in parts per 100,000 by volume, and 
(1) these referring to dissolved gases, which are in parts per 1,000 by volume 
or c.c. per litre (at normal temperature and pressure). It is, however, 
convenient to give the figure for the absorption or taking up of dissolved 
oxygen in parts per 100,000 by weight also, to facilitate comparison with the 
“oxygen absorbed” from permanganate. This (in the main) was the system 
which was recommended a few years ago by a joint committee made up of 
a committee appointed by the British Association to report upon the subject, 
and a representative of the Commission. It would be a great convenience if 
this mode of expressing results were generally agreed to and adopted by 
chemists throughout the country and by managers of sewage farms or works, 
as such a course would greatly facilitate the reading and comparison of: 
reports. 


SAMPLING OF SEWAGES AND EFFLUENTS, ETC. 


The importance of good sampling cannot be over-rated, as upon this the 
whole of the deductions depend which are ultimately drawn, from the figures 
of analysis. With regard to samples generally, every care should be taken 
to draw them in such a way as to maintain the true proportion of suspended 
solid to liquid. All samples, more especially effluents, should be drawn 
quietly, 7.¢., without unnecessary aeration. Further, it is often advantageous 
to note the temperature of a sampie when drawn. In most cases a half- 
Winchester quart bottle makes a sufficiently large sample, though for special 
purposes a Winchester is sometimes required. These are filled either full 
or with only a small air-bubble left at the top of the bottle, the stopper being 
then firmly inserted and tied down with a piece of calico. <A rectangular 
wicker basket 16 to 17 inches long, by 63 inches broad at the top, by 
13 inches high, with two partitions, holds comfortably three such half. 
Winchesters, 103 inches high, and allows at the same time plenty of room for 
paper packing ; it is very rare for one of these bottles to be broken in 
railway transit. 

When hourly samples of sewage, etc., are being taken, to be afterwards 
mixed in sets of 24 samples each, a wide-necked bottle of about 300 c.c. 
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capacity should be filled completely every hour and then set aside in a cool 
place ; at the end of 24 hours these sub-samples should be mixed for the 
final sample in proportions corresponding to the rates of flow at the respective 
hours as determined by a gauge. If circumstances do not permit of 
gauging, then the sub-samples can be mixed in equal volumes, and subse- 
quent ailowance made, as far as possible, when reviewing the figures of 
analysis, for the different factors which tend to cause the mixed sample to 
be either stronger or weaker than a true average sample taken according 
to rates of flow. Such hourly samples should of course be collected in normal 
weather. Excepting on very warm days there is no great change in a 
sewage (containing no oxidized nitrogen) or effluent within 24 hours after it 
isdrawn. But if a sample cannot be examined on the day that it arrives at 
the laboratory, zt should if possible be kept in an rce box, | 

In Appendix 1 are to be found four analyses of the same sample of 
sewage, which had been sub-sampled with the greatest care into four separate 
bottles, filled completely. These were kept in the light (so far as we can 
remember) at laboratory temperature for one, two, three and seven days. 
From the figures of analysis it will be seen that the sewage, in the absence 
of nitrate, underwent only slow change during the first two days. 

An earlier experiment on the same lines with a sewage containing 
much nitrite and nitrate showed a rapid loss of nitrogen during the first 
day, but we should like to repeat the experiment before bringing forward any 
figures. This decomposition has, however, been well established by the 
work of Adeney and others.* 


PRELIMINARY Notes ON SAMPLES IN THE LABORATORY. 


Among the points to be noted, before the actual analysis is made, the 
following may be mentioned :— 


1. Colour. This is of most. consequence as regards effluents. ~ 


2. Smell. This, too, is of most importance in effluents. An effluent 
may have more or less of a sewage smell when drawn, and a clean smell 
when it comes to be analysed, the offensive putrescent matter having been 
oxidized in the interval by the dissolved oxygen and nitrate present. Still, 
a sample which smells of sewage when drawn is necessarily unsatisfactory. 
Generally speaking, an effluent which has no smell or an earthy smell is 
good ; when the smell becomes partly ‘earthy ‘and partly fishy or wormy, 
the effluent is not of such high class, though it may probably be still 
good. Sewages. and tank liquors should be tested for sulphuretted 
hydrogen, e.g., by holding a slightly moistened strip of acetate of lead 
paper inside the top of the bottle (cf also distillation of free and saline 
ammonia, page 13). 


3. Reaction. This we note by fragments of red and: blue. litmus paper 
(a) in the cold, allowing them to remain in a small quantity of the liquid for a 
short time. If they should then show acidity, (b) the liquid is. boiled, in 
order to see whether the acidity is due to mineral. acids or. merely to 
carbonic acid.. Domestic sewages and. tank . liquors: and effluents from 
domestic. sewages are almost invariably .slightly.,.alkaline,: excepting 
percolation effluents from land, which. are sometimes highly charged with 
carbonic acid. Ifa sample should be found to be permanently acid to. any 
extent, the acidity should be determined before and after boiling (cf. also 
determination of free and saline ammonia, p. 14). pee ph peek lege 


4, Matler in Suspension. The appearance and (apparent)+ quantity 
of this should be noted, also its colour, whether it is flocculent, ete. 
Thus, in a sewage the fineness or coarseness is of great moment; 
when necessary, this sediment should be examined microscopically. 
Again, the amount of suspended matter in a tank liquor has a 








(*) Cf. Gayon and Dupetit, (a) Comptes Rendus, Vol. 95, p. 644 (Journ. Chem. Soc.; Vol. 44, 
Abs. p. 679) ; (b) Station Agronomique de Bordeaua, 1886 (Journ. Chem. Soc., Vol. 50, Abs. p. 823) ; 
Munro, Journ. Chem. Soc., Vol. 49, p. 651. 

(+) One is not infrequently at fault in making a mental computation of the weight of a given 
sediment (floating or settled), the state of aggregation varies so much. 
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manifest bearing upon the life of the’ filter bed on which the liquor ‘is 
treated. Lastly, the quantity and appearance of the solids in an effluent 
should be carefully noted. If these solids: are’ reddish-brown and well 
coagulated, the probabilities are that the liquid of the effluent is well or fairly 
well purified ; but if they are grey and not well aggregated, the reverse is 
most likely the case. 


_. 5. It-is also desirable to sometimes test an effluent qualitatively for 
Lame, Sulphates, Ferrous and Ferrie Iron, etc., in case it should be in any 
way abnormal. 


6. Jointing. By “jointing” is meant the attachment of a small piece 
of wide rubber tubing, A, about 75cm. (3in.) long and 2c.m. (0°8 in.) 
internal diameter, to the projecting rim of the neck of a bottle with a well- 
ground and tightly-inserted* stopper, and then the pouring of some clean 
mercury into the rubber cup’ so formed (Figure 1). All access of air to the 
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Figure 1. 


liquid-in the bottle is thus‘prevented.. Should apiece of wide  rubber~ 
tubing not be available, one (or two) small strips of narrower tubing 
may be slipped on to the rim, and a piece of glass from~ the end 
of a broken retort pushed tightly over that. The first arrangement . 
ment is, however, the better, as in that case there is no chance of the joint 
being shaken loose. It is obvious that only bottles with a projecting rim 
wider than the stopper can be used here, @.9., bottles of the Winchester 
quart type, and not those with wide, flat stoppers. -A well-ground stopper, 
too, is essential; otherwise, with changes of temperature, the stopper may 
become loosened, and some mercury may find its way into the bottle. 

A “jointed” sample means a sample which has been excluded from 
the air in this’ way, and then allowed to incubate at laboratory temperature ; 
while the term “incubated” sample applies to one which has (generally) 
been jointed, and then placed in the incubator at a definite temperature for 
a given length of time before being examined. 


DETERMINATION OF (A) FREE AND SALINE AMMONIA; (B) ALBUMINOID 
AMMONIA. 


SOLUTIONS REQUIRED. 


(1) Ammonium Chloride—The ammonium chloride used should be 
either re-crystallised in small crystals or re-sublimed from the ordinary 
“pure” salt. It must leave no weighable residue when a reasonable 
quantity of it is vaporised at a moderate temperature in a platinum crucible, 
and it must also yield the theoretical amount of ammonia upon distillation 
with pure dilute potash into acid of known strength. 

For a long time we used the solutions of the strength recommended by 
Wanklyn and Chapman in their well-known book on “Water Analysis,” 
i.é., containing respectively 
(a) 3:15 grms. NH,ClI per litre, and 
(b) 00315 ,, : . (1 cc. = 0:00001 grm. NH.); 


6628. B 2 


12 


but, since in our analyses the figures for the nitrogen in its various forms in 
sewages and effluents are all expressed in terms of Nitrogen, it saves time 
when calculating results to make the solutions of the strengths :— 


(a) 8:821 grms. NH,Cl per litre ; 
(b) 0:03821 ,, » Bt (1 c.c. = 0°00001 grm. N,). 


The stronger solution should either be kept in a bottle with a mercury 
joint, or else the bottle should be weighed when put aside and again weighed 
before any further liquid is taken from it for dilution (in order to ensure that 
there has been no sensible evaporation “through” the stopper). Not more 
than three-fourths of either solution should ever be used, the residue being 
discarded, Further, we have found it a useful precaution, as the result of 
experience, always to compare, by nesslerizing, a new dilute solution (b) 
with the residual portion of the solution (b) which has just been in use ; 
the two ought, of course, to agree. 


(2) Nessler Reagent.—Prepared exactly as described in Wanklyn and 
Chapman’s “ Water Analysis,” fifth edition, page 33. 


(3) Sodium Carbonate (free from Ammonia).—An approximately half 
normal solution, é.e., 26°5 grm. Na,CO, per litre, is a convenient strength. 


Process.—(a) Estimation of Free and Saline Ammonia. 


For the actual estimation of Free and Saline and of Albuminoid Ammonia 
we have used both glass-stoppered retorts and large round-bottomed glass- 
stoppered flasks (of the shape of an ordinary fractionating bulb), each having 
a capacity of about 2 litres. The time required for the distillation is in both 
cases almost the same, and we find no appreciable difference between the 
results obtained. For condensation, Liebig’s condensers have been employed. 
A few recent comparative estimations, made with a Cribb’s condenser (with 
the object of saving space upon a small bench), have likewise given similar 
results. It would thus appear that if the time required for distillation is 
fairly constant, and if the temperature of the distillate when nesslerized 
Joes not vary appreciably, the choice of a distillation apparatus is a matter 
for personal convenience. 

The distilling flask or retort having been carefully cleaned, it is attached 
to the condenser by a narrow ring of indiarubber (a few m.m. wide when 
stretched), the neck of the flask or retort which delivers into the condenser 
tube projecting at least 2°5 c.m. or one inch below the rubber band. About 
200 c.c. of distilled water are now run in, and at least 50 c.c. of this are 
distilled over. Should this final cleansing by distillation be omitted, small, 
but appreciable, traces of ammonia from the vessels themselves may be 
.(wrongly) included in the first distillate of an actual estimation. 


Determination of the Ammonia Correction in the Distilled Water used. 


The above residual water is now emptied out of the distilling vessel, 
500 c.c. of good distilled water (a) are poured in, and 100 c.c. of the latter 
are distilled off into a stoppered measuring flask of that capacity. This 
distillate (which will contain all the free ammonia’ from the 500 cc. of 
water) having been thoroughly mixed by shaking, 50 c.c. of it are poured 
into a Nessler glass, and 2 c.c. of Nessler reagent are added; while into a 
similar glass 50 c.c. of distilled water from the same stock bottle (a) are 
placed, and sufficient dilute ammonium chloride solution is run in 
from a burette to enable the mixture to give with 2 cc. of 
Nessler reagent a tint of exactly the same depth as_ that 
-btained from the above 50 cc. of water distillate. If the correct 
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quantity of ammonium chloride has not been added, the depths of tint 
will not be identical, and a fresh standard must be made containing the 
requisite amount of ammonium salt. As is well known, it is never permis- 
sible, in nesslerizing, to increase the quantity of ammonium chloride in the 
standard after the Nessler reagent has been run in. The volume of ammon- 
ium chloride required is then read from the burette and multiplied by 2, 
so as to give the amount corresponding to the total distillate of 100 c.c. 
But, since 50 c.c. of the distilled water (a) have been used in making up the 
standard for comparison with haif of the distillate, the ammonia in the entire 
distillate from 500 ¢.c. of (a) must be equal to the ammonia in the ammon- 
ium chloride used plus that contained in 100 c.c. of (a); or, the ammonium 
chloride added corresponds to the ammonia in (500—100 =) 400 c.c. of the 
original distilled water. One-eighth of this amount of ammonium chloride— 
z.e., the amount corresponding to the ammonia in 50 c.c. of the distilled water 
(a) must therefore be added to the burette reading for each 50 c.c. of distillate 
nesslerized in an actual estimation, since the ammonium chloride required 
for the standard in any particular case is necessarily less than the true 
amount by the equivalent of ammonia already found in the 50 c.c. of distilled 
water used in making up that standard. 


The above correction must, of course, be determined for every fresh 
bottle of distilled water used. It should not exceed 0:2 cc. of dilute 
ammonium chloride, and we usually find it to be about half that amount. 
Distilled water from naturally pure waters would, of course, not give so 
much. With care, a Winchester quart of water can be made to serve for 
two analyses. 


After the 400 ¢c.c. of ammonia-free. water in the distilling vessel have 
cooled somewhat, the sewage or effluent is added by means of a pipette* 
and a long-stemmed funnel, the neck or tubulus of the warm flask or retort 
being protected from the cold funnel by encircling the shoulder of the latter 
with about an inch-of rubber tubing, split two or three times parallel to its 
axis for half its length ; the liquid adhering to the funnel is finally rinsed 
into the distilling vessel with 50 c.c. of distilled water. 

The quantity of the sample taken for analysis should be such as to give 
a distillate for the free and saline ammonia that will correspond to not more 
than 15 to 20 c.c. of the dilute ammonium chloride solution. One usually 
takes the equivalent of 1 or 2 c.c. of a sewage, and from 5 to 20 c.c. or even 
up to 50 c.c. of an effluent, according to its quality. Before a sewace or an 
effluent can be sampled in this way, the liquid and solid in it must be 
thoroughly mixed by stirring up with a thick piece of bent glass rod tipped 
with rubber. Even then the sampling of a sewage is not always satisfactory. 
And since it is next to impossible to pipette out 1 or 2 c.c. so as to represent a 
fair sample of the sewage, a dilution is first made with, say, 25 c.c. sewage plus 
225 ¢.c. of the same distilled water as is used for the blank (z.¢.,a dilution of 
1 in 10), and then 10 or 20 c.c. of this diluted liquid are taken for the actual 
distillation. This obviates the error of reading very small volumes of liquid, 
while it also probably gives a truer sample of the mixed liquid and solid. 
The ammonia in the diluting water is subsequently allowed for. 

Should sulphides be present in the sample to be analysed,{ sufficient, 
but no appreciable excess of, sodium carbonate solution (usually 5 or 6 
drops) must be added to prevent sulphuretted hydrogen passing over into 
the distillate ; but this addition is not to be recommended in any other case, 
because of the hydrolysing action of alkali upon the organic matter of a 
sewage or effluent. (See Appendix 2 for the distillation of sewage with 
water and with different alkaline solutions.) The glass of the distilling vessel 





* It is advisable to have a small well-packed plug of cotton wool near the mouth-end of 
the pipette. 


+ The amount to be taken is arrived at roughly by a preliminary direct nesslerization of a 
small quantity of the sewage or effluent, sufficiently diluted. 


+ We kaye sometimes fallen into error by omitting to test for sulphices before cist-!ation. 
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furnishes ‘sufficient alkali to ensure all‘the tree and saline ‘ammonia being 
driven off in the case. of ordinary sewages and effluents. (C7 Appendix 3.) 
But’ any non-volatile free acid which may be met with in sewages containing 
certain trade effluents must, of course, be neutralised in the first instance. 
Distillation is then proceeded with, the first fraction being ‘usually one 
of 150c.c., which is cooled if necessary§ and an aliquot portion ‘of it 
nesslerized. The actual time of distillation of these 150c.c:, from the com- 
mencement of the boiling, is about 15 to 16 minutes. The distilled water 
correction is applied for 100¢.¢. only of this fraction, since 50 c.c. of distilled 
water were used for rinsing the funnel into the distilling vessel: The next 
fraction is one of 50c.c., and'the whole of this is nesslerized; it is usually 
either free from ammonia or contains only a trace of the latter. Should, 
however, more ammonia be found in it than corresponds to, say, 0°4 ¢.c. of 
the dilute ammonium chloride solution, a further quantity of 50 ¢.c. of dis- 
tilled water. must be added to the residue in the retort, and an equal 
volume distilled. off and nesslerized..’ But, though this is advisable as a 
precautionary measure, the last-mentioned distillate is almost invariably 
found to be ammonia-free. . The sum of the amounts of ‘ammonium chloride 
used in nesslerizing, plus the small distilled water correction, represents the 
free and saline ammonia in the quantity of sample taken; but this we 
express in terms of nitrogenias Ammoniacal Nitrogen, 0000 FOG. | 


B.— Estimation of “ Albuminoid” Ammonia. 


Solution required (in addition to those already given for the determination 
of Free and Saline Ammonia) :— 


4. Alkaline Permanganate- of Potash.—This is made, after Wanklyn and 
Chapman, by dissolving 200 grms. of stick caustic potash and 8 :grms._ of 
potassium permanganate in about 14 litres of distilled water, which is. con- 
veniently done in a basin of tinned iron. The solution is then gently boiled 
until it is reduced to a volume of about 800 c.c.; after cooling, it:is:siphoned 
into. a litre flask and. made up to 1 litre: with :ammonia-free distilled 
water. | . : 

It. is tested. by adding 25 ¢.c. of it: to about: 250 c.c. “of ammonia-free 
distilled water in a retort, distillmg over 50 c.c., ‘and ‘nesslerizing this 
distillate ; the latter must show no ammonia. i Od Gb: tea 


Process.—When the residue from the estimation of free and saline 
ammonia has cooled considerably, 25 ¢.c. of the alkaline permanganate are 
added to the retort or distilling flask from a pipette, and the distillation is 
proceeded with. The fractions collected are usually three—of 100, 50, and 
50 c.c. respectively. After mixing the first fraction thoroughly, a suitable 
quantity of it is nesslerized and the “albuminoid” ammonia in the whole 
fraction is calculated ; the other two fractions of 50 c.c. are each nesslerized 
as a whole. The distilled water correction is of course again applied for 
each nesslerization. The sum of the ‘‘albuminoid” ammonias in these 
fractions is expressed in. terms of “ Albuminoid Nitrogen.” ‘ | | 

In actual practice this distillation is never carried further than the 
200 c.c. indicated above, no matter at what rate the albuminoid ammonia 
may be coming off when this limit is reached. The estimation is thus only 
approximate, at least in the case of a sewage or an ordinary effluent. If the 
distillation of these was carried further (with the addition of successive 
quantities of ammonia-free water to the retort), albuminoid ammonia would 
be obtained for an indefinite period in gradually decreasing amounts in the 
successive fractions of the distillate. | 

The remarks made on p. 12 with regard to the figures obtained for 
free and saline ammonia by distillation in glass vessels of different shape 
apply here also. At the same time, in view of some discrepancies which 
we have ourselves experienced, it might perhaps be well if some general 
agreement could be arrived at by chemists, both with regard to.the limits 
of concentration of a solution of sewage or effluent to be distilled, and also 


; § The influence of temperature upon the depth of tint produeed in nesslerizing is well 
nown, 
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to the length of time that may be allowed for such distillation in the 
estimation of both free and albuminoid ammonia. 


Nore.—“ Albuminoid” Ammonia from Distilled Water.—We have more 
than once been seriously inconvenienced by obtaining an appreciable 
albuminoid ammonia blank from our distilled water (distilled in a 
continuously-fed copper still from the water of the Grand Junction Water 
Company). This blank has reached the equivalent of 0°5¢.c. dilute 
ammonium chloride, and at one time as much as 1:0¢.c., from the perman- 
ganate distillation of 500 c.c. copper-distilled water, after the free ammonia 
had been driven off. This finding of ‘‘albuminoid” ammonia is more 
especially the case in times of storm, when the water is decidedly coloured. 
It. is difficult to see where this ‘“‘ albuminoid ” ammonia can come from, but 
the fact, remains that we have frequently found it. Possibly some volatile 
nitrogenous compound (not ammonia) is evolved in the copper still from 
the action at 100° C. of accumulated carbonate of lime and of water upon 
dissolved or precipitated organic matter. Various suggestions have been 
made (¢.g., the interposition: between the still and the receiving bottle of a 
flask.containing water acidulated with sulphuric acid; to be kept boiling), 
with the view of eliminating both free and albuminoid ammonia from, the 
distilled water. The point will be investigated when time allows, but the 
practical difficulties are considerable. The above results, however, show 
the necessity for occasionally testing distilled water for an albuminoid 
ammonia blank, and rejecting any bottles in which this is at all appreciable. 


Estimation of Free and Saline Ammonia by Direct Nesslerization. 


We have made a great many attempts to determine the free and saline 
ammonia in sewages and effluents by direct nesslerization, ¢.¢., without 
a preliminary distillation, the sample being, if necessary, rendered 
clear by filtration through German filter paper. But out of 188 
samples so examined—most of them effluents from land —129 
were too turbid to allow of their being read properly. The turbidity 
appeared simultaneously with the addition of Nessler reagent to so much 
of the sample, diluted to 50 c.c. with distilled water, as would. correspond 
to not more than about 2 c.c. of the dilute ammonium chloride solution. Of 
the remaining 59 samples which we were able to read by this method, 35 
gave results within 10 per cent. of the corresponding distillation ‘figures, 
while 27 samples—#.e., about 15 per cent. of the total number. examined— 
were within 5 per cent. 

It has been suggested that the sample should be allowed to» stand in a 
full ,bottle with a. known volume of pure potassium: oxalate solution 
(ammonia free), in order that the lime might be brought down before 
nesslerizing. But as the ammonia present changes: with lapse of ‘time, 
unless the solution is sterilized, the results thus obtained might not be:strictly 
comparable with the rest of the analysis; and, further, we ‘have ‘found that 
such precipitation of the lime does not always prevent turbidity occurring 
upon the addition of the Nessler reagent. The adsorptive effect of .a 
precipitate of oxalate of lime upon ammonia present: in solution is probably 
also appreciable (¢/ p. 36). | 

While our experience is therefore against the quantitative estimation 
of free and saline ammonia by direct nesslerization, the latter may be 
found useful for.giving an approximate result when there is no time. for 
distillation. 


. +... Estimation or Nirrirte py Merta-PHENYLENE DIAMINE. 


We have used this well-known colorimetric method throughout the whole 
of our work. 
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Solutions require’ — 


(1) Potassium Nitrite,containing about 000004 grm. of Nitrous Nitrogen 
pere.c. The preparation of pure potassium nitrite is trouble- 
some, and the ordinary salt containing some nitrate does 
equally well* The solution must, however, be standardised, 
both in the first instance and from time to time afterwards, by 
means of a solution of potassium permanganate of known 
strength, the excess of permanganate—above that required to 
oxidize the nitrite to nitrate—being afterwards determined by 
standard thiosulphate and potassium iodide in the ordinary way 
(cf. Sutton’s Volumetric Analysis, 7th edition, p. 267). 


When making a nitrite determination in a sample of effluent, 
10 cc. of the above solution are diluted to 100 cc. with 
distilled water ; 1 c¢.c. of this latter solution therefore con- 
tains about 0000004 grm. Nitrous Nitrogen. 


* Note—In Appendix 4 are given the results of several experiments 
showing the stability of dilute solutions of Ammonium Nitrite im distilled 
water. 


(3) Sulphuric Acid. 1 part by volume of strong sulphuric acid (free 
from nitrite) to 2 volumes of distilled water. 


(4) Meta-Phenylene Diamine. 1 grm. of this substance is dissolved 
in 200'c.c. of distilled water acidified with 2 c.c. of concentrated 
sulphuric acid. Ifthe solution should be brown, it must be 
decolorised by letting it stand over animal charcoal and then 
filtering. A charcoal containing no phosphate would pro- 
bably be better. Such a charcoal can be made by saturating 
Kieselguhr with a suitable organic liquid, drying, and sub- 
jecting the mass to dry distillation. The decolorising power 
of this charcoal is comparable with that of ordinary bone char. ' 


Method.—A preliminary trial is made in a Nessler glass with 25 c.c. of 
the sewage or effluent (filtered unless the sample happens to be clear), by 
adding to it 1¢.c. each of the sulphuric acid and the m-phenylene-diamine 
solutions, mixing thoroughly, and allowing to stand for 20 minutes. A. 
comparative experiment is at the same time made with, say, 4 cc. of the 
dilute potassium nitrite solution, also diluted to 25 cc. with distilled water. 
At the end of this time the tints are compared, and such a quantity of the 
sample is taken for the actual estimation as is calculated to give a tint 
equal in depth to that produced by, say, 4 ¢.c. of the dilute standard solution, 
this being a convenient depth of (yellow) colour to read. 

The estimation can be done most quickly if several standards are 
prepared together. Thus, if after the preliminary trial 20 cc. of the 
sample were thought to be the proper amount, four standards might be made ~ 
containing respectively 3°65, 3°80, 4:05, and 4°30 c.c. of the dilute nitrite 
solution in 50 c.c, distilled water; one of these would probably match the 
tint given by the sample. As the yellow colour becomes darker on standing, 
it is of course essential that sample and standards should have the m-phenyl- 
ene-diamine added at the same time. 

For a reading which is close to, but not exactly the same as, one of th 
standards, the exact value can be obtained fractionally. Thus, if both 
sample and standard have been diluted to 50 cc, and it is found that 
48:5 c.c. of the 4:05 standard give a depth of tint equal to that of the sample, 
then (4:05 x #82=) 3-93 cc. of the nitrite solution will represent the 
amount of nitrous nitrogen in the volume of sample taken. This fractional 
method can, however, only be applied within limits of about 0°5 c.c. of the 
nitrite solution ; over wider limits the depth of colour produced is not strictly 
proportional to the nitrous nitrogen present. 

Results are expressed in terms of Nitrous Nitrogen per 100,000. 


EsTIMATION OF NITRIC AND Nirrous NITROGEN TOGETHER, BY REDUCTION TO 
. AMMONIA WITH tHE CopPER-ZINC COUPLE (GLADSTONE-TRIBE METHOD).* .. 


Reagents Required(1) and (2) Standard solution of Ammonium 
creyh Chloride and Nessler Reagent (see pp. 11-12) :— | 


vi (3) A. 3 per cent. solution of crystallized Sulphate of. Copper: 
(CuSO,+ 5Aq). 


(4) Pure dry Sodium Chloride, prepared as given on page 42. 


(5) Solution of Bicarbonate of Lime, prepared by saturating lime water 
with washed carbonic acid gas. Such a solution contains 
about 0°00304 grm. CaO in 1 cc. 


»//.(6) Pure thin Zine foil (see below). tis an-unnecessary expense’ to: 
have this foil thick. A piece which measures about 10 cm. 
(4 in.) by 7.¢.m. (2% in.) need not weigh more than 2 to 
3 grammes. 


_ » Method.— We:have used this: well-known: method throughout our work 
and. have found it.most satisfactory. One great point’is not to. take more of 
the sample, for nitrate estimation than will ultimately correspond to about 
15.¢.¢c. or so.of the standard ‘dilute. ammoniunt chloride: Since the land 
samples were examined, we have added—as preliminary and supplementary 
to this process-—the approximate method with pyrogallic acid, which is 
deseribed on page 23. ,.A preliminary trial with pyrogallic acid (which. can 
be carried out in afew minutes) tells one pretty nearly how much. nitrate. 
and nitrite have to be dealt with, and thus greatly helps the correct 
quantitative estimation, this being especially the case with highly: nitrated 
effluents. Before we adopted this plan, the volume of. sample taken for 
nitrate estimation. by the couple had to be more. or less guessed at, the 
consequence being that. sometimes too. much was used, and.a nitrate value 
in some cases obtained which was appreciably below the true value. 

Another important. preliminary is to know the amount of free and 
saline ammonia in the sample. This has either been determined in the first 
instance by distillation, or, at all events, an approximate idea has been 
obtained by a direct nesslerization. This latter is in truth the best plan, for 
it enables the nitrate estimation to be carried out without any loss of time, 
i.e., without the sample having had a chance of undergoing change. 


- (a) If the amount of ammoniacal nitrogen is comparatively small, 
/ say, not more than one part per 100,000, or if it is not 
- greater than the nitric nitrogen as determined approximately 
by pyrogallic acid, then 10 c.c. or less of the sample, filteredt 
if it contains any appreciable solid, is measured by means. 
of a pipette into a wide-mouthed bottle of about 100 cc. 
capacity, fitted with a well-ground stopper, 0:2 grm. of the 
sodium chloride is added,t and the bottle is then filled up 

to the.shoulder with distilled water. 











* Note.—Some early attempts were made to destroy any nitrite present before estimating’ 
nitrate, by boiling down the liquid with 0°5 ¢.c. sulphuric acid. But even when the volume of 
the liquid had been reduced in this way from 100 c.c. to 25 ¢.c., much nitrite remained. It was 
therefore necessary to determine both together, and to subsequently deduct the nitrite as 
determined by meta-phenylene-diamime (p. 16). 

» + The filtration of samples, whether it be for the determination of nitrite, nitrate, or chlorine, 
etc., is a point deserving attention. The whole of the filter paper in the funnel should be washed 
several times with the liquid in question, and these washings be rejected; otherwise the paper 
may either give up traces of ammonia to the liquid or absorb some constituents from the liquid, or 
it may do both. 


{ The addition of the sodium chloride, to accelerate the action of the couple, is absolutely 
necessary ; if it be omitted, the figure obtained for nitrate in a well-nitrated effluent will almost 
certainly be too low. 
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The copper-zine couple is prepared by loosely rolling a strip of well- 
cleaned zinc foil,* in the direction of its length (about 10 c.m., or 4 inches), 
and then leaving it completely immersed in some of the 3 per cent. copper 
sulphate solution (which is never used more than once) until a firmly 
adherent coating of copper has been deposited on it; this usually takes 
about 20 minutes. The roll is then taken out with a pair of forceps, washed 
well under the tap, and finally in a stream of distilled water, and placed in 
the already (nearly) filled estimation bottle, the stopper of which must be 
firmly inserted. Experience has taught us that a fresh couple must be 
prepared for each estimation. If the zine of a couple, after being cleaned, is 
used a second time, the copper then appears to be more loosely deposited 
on it, with the result that the ammonia dribbles over more slowly when 
the liquid is distilled. 


A similar bottle, filled in precisely the same way, excepting that no 
couple is added to it, gives the ‘‘blank,” z7e., the free and saline ammonia 
in the sample and reagents, and no doubt also a little ammonia resulting 
from the hydrolysis of the organic matter present. 


The two bottles are placed in the incubator at 26-7° C. (80° F.) over- 
night, and next morning the respective contents, plus 100 c.c. of distilled 
water used for rinsing out each bottle, are distilled from two similar 
stoppered retorts of about 500 c.c. capacity each. Both distillates are 
collected in two separate fractions, the first fraction of 100 c.c. being 
received in a stoppered flask of that size, and the second fraction of 50 c.c. 
in a Nessler glass. 


After shaking up the first fractions from both distillates, two equal 
measured amounts from both flasks —say 10 c.c. diluted to 50 c.c. with distilled 
water—are nesslerized separately. By comparing the depths of tint thus 
produced, an idea is gained of the amount of ammonium chloride which it 
would be necessary to add to the “ blank ” distillate in order to make it give 
as deep a colour with the Nessler reagent as the “couple” distillate does. This 
operation is repeated at one and the same time with suitable equal quantities 
of the two distillates until the exact amount of ammonium chloride is . 
determined, which—calculated for the whole 100 c.c. of distillate—corresponds 
to the nitric plus nitrous nitrogen originally present in the volume of sample 
taken. 


The second fraction of 50 c.c. from both distillates is usually ammonia- 
{ree, but it is advisable to add Nessler reagent to the ‘“‘ couple” 50 c.c. first. 
Any slight colour can then be compensated for, before nesslerizing the 
“blank” 50 c.c. (which is itself almost invariably ammonia-free), by adding 
the requisite amount of ammonium chloride to the latter. The ammonium 
chloride used for this second fraction must of course be added to that 
required for the first in calculating the total nitric + nitrous nitrogen 
present. It only remains to deduct the nitrous nitrogen (determined as on 
». 16) from this, to get at the nitric nitrogen in the sample. 


()) If, on the other hand, much free and saline ammonia are present, 
10 cc. to 50 c.c. (usually 25 c.c.) of the sewage or effluent, 
filtered if necessary, are diluted to about 150 c.c. with distilled 
water, 5 c.c. of the calcium bicarbonate solution are added, and 
the whole is boiled down to about 20 c.c. in a round-bottomed 
Jena flask, in a draught cupboard. This drives off practically all 
the free and saline ammonia, the presence of the lime salt 
ensuring the stability of any nitrite present (c¢/: pp. 20-21). The 
cooled solution is made up to a given volume—say 100 c.c.— 
with distilled water, and suitable quantities (usually the 
equivalent of 10 c.c. of the original) are taken both for the 
“blank” and for the estimation proper. 


This boiling, down, -when much ammonia relatively is present, is of 
course necessitated by the circumstance that this ammonia appears both in 





* The actual size of the strip which suits the bottle we use is about 10 em. (4 in.) by 7.¢m. 
23 in.) and this strip is rolled into a ccil. ' 
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the ‘‘blank” distillate and in the distillate from the estimation itself. Since 
the amount of ammonia to be nesslerizcd cannot be increased beyond a given 
limit, save at the expense of accuracy, a much smaller quantity of the sample 
would have to be taken if there was no boiling down—a quantity in many 
cases too small to give the accurate figtire-fer the nitrate present. 


Experiments made with pure solutions of potassium nitrate have shown 
that, in order to secure the best results, the liquid to be actually reduced by 
the couple should not contain more than about 0:2 part nitric + nitrous 
nitrogen per 100,000, ¢., the ammonia to be actually obtained should not 
exceed 0:0002 grm. (nitrogen). Quantities of oxidized nitrogen which are 
markedly in excess of this amount are not always entirely reduced in 18 to 
24 hours at a temperature of 26:7° C. (80° F.). But when the above- 
mentioned conditions are observed, we have found the process to be accurate 
to within 2 or 3 per cent. either way, this being about the limit of accuracy 
in nesslerizing a pure solution of ammonia. 


On the Influence of Nitrite in an Estimation of Nitric plus Nitrous 
Nitrogen by the Copper-Zince Couple. 


Sewages and sewage effluents from land usually contain little or no 
nitrite, as a reference to the various Tables of Analysis shows ;* further, the 
effluents are generally well supplied with carbonate of lime in solution. 
Hence it did not occur to us until all, or nearly all, the land samples had 
been examined that there might possibly be loss of nitrous nitrogen in certain 
classes of effluents when boiling down for the nitrate estimation. But on 
examining (for another purpose) an effluent from a bacterial filter which was 
unusually rich in nitrite, containing as much as 1°43 parts nitrous nitrogen 
‘per 100,000, it was apparent that the boiling down led to a loss of nitrogen 
equal to nearly half of the total nitrous nitrogen present. Experiments were, 
therefore, made in order to see whether the boiling down process gave rise 
to the loss of either nitrous or nitric nitrogen, or both, in sewages and land 
effluents. 


It will be best to consider the Nitric Nitrogen first. 


1.—Mitric Nitrogen.—Our experiments showed that no measurable loss 
of nitric nitrogen took place when solutions containing varying quantities. 
of potassium nitrate, ammonium chloride and carbonate, and sodium chloride 
(quantities approximating to those met with in ordinary effluents) are boiled 
down from 150 c.c. to about 20 cc. Six estimations made in this way 
gave a mean loss of 1‘7 per cent. of nitric nitrogen—a quantity well within 
the limits of nesslerizing error. The details of these experiments are given 
in Appendix 6. 

A further series of estimations was made with solutions containing no: 
sodium chloride, but similar amounts to the above «f ammonium chloride 
and carbonate, potassium nitrate, and potassium nitrite. In these experiments 
the loss of nitrous nitrogen, due to boiling down, was shown by the 
difference given by m-phenylene diamine before and after, while the 
nitric and nitrous nitrogen together were similarly determined by the 
“couple” method. This gave :— 


(a) Nitric + Nitrous Nitrogen in original liquid ; 
(6) Nitric + Nitrous Nitrogen in boiled-down liquid ; 
(c) Nitrous Nitrogen in original liquid ; 
(d) Nitrous Nitrogen in boiled-down liquid. 
 a—c = Nitric Nitrogen in unboiled liquid ; 
b—d = Nitric Nitrogen in boiled-down liquid. 


* Part II., Chemical Report by Dr. G. McGowan. 
Cc 2 
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Any loss of nitric nitrogen due to boiling down would therefore be 
indicated by obtaining a smaller value for /—d than for a—c. 


The mean result of a series of seven such experiments showed a loss of 
only 0-07 part Nitric Nitrogen per 100,000, 7.e., nil; the average loss of 
Nitrous Nitrogen was 0°25 part. (For details, see Appendix 5.) 


2. Nitrous Nitrogen.—It was found that with pure dilute solutions of 
potassium nitrite, containing 9-1 to 0-2 part nitrous nitrogen per 100,000 and 
only a trace of nitrate, no loss of nitrite occurred in boiling down. But on 
boiling down a salt solution containing 6°04 parts ammoniacal nitrogen, 7°84 
parts chlorine, and 1:09 parts nitrous nitrogen (added as potassium nitrite), a 
mean loss in two experiments of 32 per cent.* of the nitrous nitrogen took 
place during the usual concentration from 150:¢.c.. to about 20° cc. It-was 
further found that. the percentage loss of nitrous nitrogen remained 
practically constant even when. the nitric nitrogen was increased to 54 
parts per 100,000, for the same quantity of nitrite, 7.¢., the nitrate present 
had no effect one way or the other. (See Appendix 5.) 

It is thus evident that any loss of oxidized nitrogen on boiling down is 
entirely borne by the nitrite present, and that the latter is not oxidized to 
nitrate in the process, at all events, not in any appreciable quantity. We 
should imagine that the decomposition is one of ammonium nitrite into 
nitrogen and water, but we are not aware of any quantitative experiments 
to prove this in the case of such dilute solutions ‘as are dealt with ‘above. 


That this loss of nitrous nitrogen, and, incidentally, of ammoniacal 
nitrogen, is only effected after a certain degree of concentration is attained 
—a degree outside the range of the ammonia determination process (p. 13) 
—is proved by the following experiments which were done in order to 
make sure that no ammonium nitrite was decomposed in the extremely 
dilute solutions which are employed im the determination of free and saline 
ammonia. In these experiments the ammonia was of course estimated in 
-the distillate and the nitrite in the residue. wu 
































Ammoniacal Nitrogen (Grms.) Nitrous Nitrogen (Grms.) taken as Volume of Li 
Potassium Nitrite. (Gon 
In form of :— Taken. | Found. Difference. Taken. Found. \',| Rifenence.| qnitial, | Fin 
; per cent. per cent. | 
Ammonium Car-| 0:0001252 0-0001300 — 4°65 0:0001244 00001244 Foo! "500 ri 
bonate : "FE 
Ammonium 0:0001252 0:0001229 + 1:9 00000394 0:0000390- — 1-0 475 2 
Chloride 
Ammonium * - 0001244 0:C001190 + 3°7 00000392 0:0000392 T0-0 475 2 
Chloride a 
Ammonium Car- 
bonate and A m- | . ae sf : Rt ay 
‘monium Chlo- |! 0:€001350 0-0001391 =~ 30 0:0000400 0:0000390 —2°5 494 2! 
ride in equal | 
proportions “pen ag FEOERS © oS aoe 
Mean 0°5 p..c. 0.9 p.c. 
Gain. Loss. 


























The foregoing experiments, taken as a whole, made it appear probable 
that loss of nitrous nitrogen in boiling down would be prevented if there 
was present a stable base considerably in excess of the amount necessary 
to combine with all the nitrous acid. It was only after these experiments 
had been completed that we found that this point—the destruction of 
nitrite—had already been observed by P. Franklandt in solutions of a some- 





* The separate tigures were 29-2 per cent. and 33°8 per cent. 
+ Journ. Chem. Soc., Vol. LIIL., p. 368 et seg.) * 
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what different kind, but we have thought it well to give here. our own 
independent and corroborative experience on the subject. 


The base first tried was the potash which we used in our Ajyeldahl 
process (p. 24); this having been purified by permanganate probably 
contained traces of nitrate. On boiling down with potash (0°085 grm. 
KOH) solutions of the same composition as had given a loss of 32 per 
cent. of the nitrous nitrogen when there was no addition of base (p. 20), 
the mean loss in four experiments was -— 5°9 per cent., ze. a gain of this 
amount. Calcium bicarbonate solution (5 ¢.c.) was therefore next tried 
in place of potash, with the result that the mean of four determinations (two 
being boiled down lower than they should have been) showed a loss of 
nitrous nitrogen equal to nearly 4 per cent., a figure which is probably within 
the limits of accuracy of nitrite determination by m-phenylene-diamine. 


The detailed figures of this last set of experiments are :— 





| 
Pe icine | O7RA,Nitom | Grme. Nitrous | Low of | Loo 
taken. ; taken. found. Nitrogen. Nitrogen. 
00015 0:00196 0-000272 0:000272 0-0 0-0 
* 0:0015 0:00196 0000272 0000261 0000011 4:0 
* 0-0015 0:00196 0000136 0:000127 | 0-000009 6:8 
0°0015— 0-00196 0000136 0000129 0:000007 5:1 

















* Boiled rather lower than the others. 


. The above results.are very much like those obtained from similar experi- 
ments made with the Rugby, Leicester, and Beddington sewage farm effluents, 
all of which contained plenty of lime salts. On the other hand, the effluents 
from. Caterham Barracks and Aldershot Camp. Farm, in which loss of nitrite 
when boiling down for nitrate was first observed,.had much less. lime in 
solution. A reference to the Chemical Section. of the Report, on Land 
Treatment of Sewage, p. 300,* will show that the amounts of lime found 
in the soils and subsoils of the farms just mentioned are in accordance 
with this. 


We therefore now make it a rule, when boiling down a sewage or an 
effluent for nitrate determination, to add beforehand 5 ¢.c. of caleium 
bicarbonate solution (page 17) if nitrite is present. 


Comparative -experiments on the determination of Notrate by the copper-zinc 
Jang (A) Distilling and Nesslerizing the ammonia, as above ; and (B) 
Pp ecipitating the lime in the reduced solution by oxalate,t filtering, and 

| Nesslervzing directly. 


A few such comparative estimations were made, a small measured 
quantity of pire potassium oxalate solution being added: in the ease of (B) 





* Part IL, Chemical Report, by Dr. G. McGowan. 
+ M. Whitely William:, Journ. Chem. Soc. for 1881, p. 1003 also Sutton’s Volumetric 
Analysis, 7th edition, p. 434. 
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to both the “blank” and the estimation proper: these two liquids were 
then filtered next day and nesslerized directly. The following results were 
obtained :-— 





Parts Nitric Nitrogen 




















per 100,000. 
Semple. Nature of Sample. 
| 
(A) Distillation. (B) Oxalate. 

No. 1553 River water containing effluent. 053 © 0°56 
156A River water. (51 0°48 
157 Final effluent over three fields. 0°81 0-77 
1604 River water containing effiuent. 0°50 0°54 
166A River water containing effluent. 0:53 0-51 
Mean - - - - 0:59 057 











Any absorption of ammonia by the oxalate of lime (o7." Bae 3G) 
would affect both “ blank” and estimation, but whether to the same extent 
we have no evidence. 


The above comparative figures leave little to be desired, for the 
differences are practically within the limits of experimental error. But in 
some further estimations of the same kind, the liquids (after filtration from 
the oxalate of lime) became turbid on addition of the Nessler reagent, and 
hence no result could be arrived at. For this reason we have not carried 
the matter further; and there is, besides, little time saved by adopting the 
oxalate modification of the process. 


Other Methods of Estimating Nitrate. 


(a) The Picrie Acid Method, depending upon the formation of 
yellow ammonium picrate, is well known and is frequently made use 
of, but we have only had a limited experience of it. It apparently 
works well with samples of drinking water, but we found that, with 
effluents containing any notable amount of organic matter in solution, 
a green or brown coloration was ultimately obtained which could not be 
compared with the standard yellow tints. The method has the further 
disadvantage of requiring the use of strongly ammoniacal solutions. 
We have therefore never made use of the method as a standard one, 


but at the same time we do not feel justified in expressing any very 
definite opinion upon it. 


(L) The Indigo Decolorisatio: Method.—We aiso made some trials 
of the two modifications of this well-known method, viz. :-- 


(1) By measuring directly the volume of a standard solution of pure 
indigo-carmine (made by dissolving the dry substance in 
Nordhausen sulphuric acid and then diluting) which is de- 


colorised by the nitrate in a solution containing a large excess 
of sulphuric acid. 


(2) By measuring this indirectly, 7e¢, adding excess of the indigo 
solution in the first instance, and ultimately titrating that 
excess with standard permanganate. 


The results obtained by us, however, were not sufficiently en- 
couraging to warrant the adoption of either modification. But here, 
again, our experience has been limited. 


NITRATE: APPROXIMATE ESTIMATION OF, BY THE PYROGALLIC 
Acip METHOD. 


This colorimetric method (due to a reaction which, so far as we can 
ascertain, is not understood) was worked out by J. Horsley so long ago as the 
year 1863 (Chem. News for June, 1863, p. 268), but is apparently unknown to 
most people ; we are much indebted to Mr. R. Wallis Stoddart, who has used 
it for a long time, for telling us of it. The method lays no claim to be perfectly 
exact, 2.¢., quantitative, but after a little practice one can arrive in a few 
minutes at a very fair idea of the amount of nitrate in any given sample, 
or, at all events, in nearly every sample (cf. p. 24). The following are the 
details of the process as we carry it out :-— 

10 c.c. of the sample, jiltered from all suspended solids, are poured into 
a test tube of rather thick glass (a bacteriological test tube 15 ¢.m. or 6 in. 
long by 1:25 c.m. or 0°5 in. in diameter), and about 0:2 grm. of pyrogallic 
acid is dissolved in this and the solution made uniform. After the first 
two or three trials it is unnecessary to weigh this acid, as it can then be 
measured out with sufficient accuracy. By means of a small pipette, plugged 
at the upper end with a piece of cotton wool,* and lowered to the bottom of the 
test tube, 2.c.c. of concentrated nitrate-free sulphuric acid are allowed to 
flow slowly down on to the bottom of the tube, so as to form a layer 
below the aqueous one. Before withdrawing the pipette, its upper end 
must be closed by the finger, in order to prevent the acid still remaining 
in it from mixing with the aqueous layer of liquid. About 0°1 grm. of pure 
dry powdered sodium chloride (which, like the pyrogallic acid, need only 
be weighed once or twice) is then dropped into the tube, and falling—as 
much of it does—on the junction of the sulphuric acid and the water, it 
gives rise to a brisk effervescence. Should nitrate be preseut, a purple 
band forms at this junction, the intensity of the colour produced being 
proportional to the amount of nitrate. 

A preliminary trial gives a rough idea of this amount, after which a 
second estimation is made along with three other simultaneous (etermina- 
tions with similar volumes of standard potassium nitrate solution. Thus, if 
the preliminary trial shows, ¢g., about 0°6 part of nitric nitrogen per 
100,000 parts of liquid, the three standards are made to correspond to 04, 
06 and 0°8 parts. In this way the nitric nitrogen in the sample may be 
gauged to within about 0°25 part per 100,000. It is, however, essential that 
the determinations should be carried out at the same time in both sample 
and standards, i.e., one following immediately on the other, for it is useless 
to try to compare two tubes unless they have been prepared within a few 
minutes of one another ; further, the sodium chloride used must be dry and 
finely powdered. There is considerable saving of time, in carrying out this 
test, if a number of dilute standard solutions of nitrate are always kept on 
hand in stoppered bottles. 

The most suitable strength of solution for a determination is about 2 
parts nitric nitrogen per 100,000, but estimations can be quite well made 





* Although we have ourselves used a pipette, it would be much safer to measure out the 
sulphuric acid and pour it down a small tap funnel with an elongated tube. A little strong sulphuric 
acid drawn up into the mouth may do irreparable damage, and it ix pretty sure to happen 
some time. 
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down to 0-25 part: It-is very rare for a sample of sewage or effluent, even 
if it should be absolutely devoid of nitrate, to show nothing at all, no doubt 
because of the charring action of the strong acid upon minute particles of 
finely divided organic matter still in the liquid. On the other hand, partially 
purified turbid effluents containing much dissolved or colloidal organic 
matter usually give readings below the correct value as determined by the 
eopper-zinc couple method. ..We have found, too, that. if phosphates are 
present in excess, they interfere with the test by altering the character of 
the purple band, the results coming out toolow, . Want of.time has hitherto 
prevented us from examining such points as this in detail, but we hope to do 
so later. 

If nitrite is present in the liquid tested, a yellow colour is produced in 
the aqueous layer*, but this does not seriously interfere with the nitrate 
reading unless it is very intense. and in that case standards can, be. made 
containing nitrite to the same'extent. Such nitrite might also no doubt be 
oxidized to nitrate before making the determination, but we have not yet 
been able to test this. We hope to spend some time in trying to increase 
the accuracy of this method by slightly modifying the apparatus used, etc. 

A large number of concurrent estimations of nitrate by this and by the 
“couple” method have now been made in effluents from bacterial filters, 
and those comparative ‘results will be available later. _But enough has been 
said to demonstrate the value of this simple process for giving in a few 
minutes an approximate idea of the amount of nitrate present. Theapparatus 
required, too, is so simple that it can be carried about anywhere. ibaa 


Norr.—It is convenient to have in the laboratory a small leaden tray, 
large enough to-hold.a bottle of. sulphuri¢ acid aud a test tube stand 
containing a set .of tubes, pipettes, ete, .1f, then, by accident a tube 
breaks, no harm is done.  svaf 


KsJELDAHL PRocEss FOR THE ESTIMATION OF TOTAL NITROGEN AND: 
(INDIRECTLY) OF ToTaL ORGANIC NITROGEN, 


The method to be described below gives:a determination at one ‘time of: 
the total t nitrogen of a sewage.or effluent, or, in all probability, of the total: 
nitrogen, and therefore includes:—. 0. 2s Heys 0 Docker es 


(1) The ammoniacal nitrogen ; 

(2) The albuminoid nitrogen ; 

(3) The nitrous nitrogen ; 

(4) The nitric nitrogen 30 9s: 3 | sis) 4 ais 38 


(5) The “X” nitrogen, ze, that portion of the organic nitrogen. which 
is not included in Nos. 1-4 above. This “ X” nitrogen, there- 
fore, represents the difference between the total Kjeldahl 
nitrogen and the sum of the Nitrogens Nos. 1-4 inclusive. — 
The “albuminoid” and ‘‘X” nitrogens, added together, give ~ 
the total organic nitrogen. | 


Reagents Required :— 


(1) Nitrogen-free Sulphuric acid. It is not always easy to get acid 
which is really (almost) nitrogen-free. Each half-Winchester — 
of acid used must be tested along with the other reagents of a 
“Kjeldahl” estimation by making two or three “blank” 
determinations, 7.e., determinations for total nitrogen in the 
reagents alone, as described below. If these blanks should 





a ate reaction may be made use of to determine roughly the amount of nitrite present. ware Wala « 
7 Cf. p. 30. 5 te al 
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come out above a certain limit, say, 0:0004 grm. of nitrogen, 
then the acid should be tested alone for -— 


(a) Ammonia, by distilling, say, 10 cc. in 200 or 250 c.c. of am- 
monia-free water with excess of ammonia-free potash and 
nesslerizing the distillate ; 


(b) For nitrites, by m-phenylene diamine ; 


(c) For nitrates, by the copper-zinc couple, diphenylamine, or 
other suitable method. If an appreciable quantity of 
any one of these is found, the acid must be rejected. 


(2) Sugar Solution.—40 grammes of. the purest cane sugar obtain- 
_ able (small loose crystals, not loaf sugar) are dissolved m 
about 500 c.c. distilled water, and the solution is boiled down 
in a tinned iron basin with 2 or 3 grammes of stick potash 
until the volume of the liquid is reduced to about 200 c.c. 
after cooling, it is made up to about 900 ¢.c. with pure ammo- 
nia-free water and 100 c.c. of nitrogen-free sulphuric acid are 
added ; when this mixture is quite cold a little more water 
is added, to make it up to one litre. 45c.c. of the final solution 
therefore contain 02 grm. sugar and 0% cc. sulphuric 
acid. 


For a long time we did not boil out the sugar with alkali, but after- 
wards found that it was a distinct advantage to do this, the ‘ blank” 
being often appreciably reduced as a consequence. The object of adding 
the sulphuric acid to the sugar solution is of course to prevent the forma- 


tion of moulds. 


(3) Strong Potash Solution.—A pound of stick potash is dissolved in 
about 14 litres of distilled water in a tinned iron basin,* the 
solution warmed to near its boiling-point, and sufficient aqueous 
permanganate of potash introduced in small portions at a time 
to destroy any organic matter present. The liquid after pro- 
longed evaporation must still show a slight tinge of green 
manganate when a clean fragment or rod of white porcelain 
is dipped into it, this small excess of manganate being then 
finally discharged by the addition of a very little more potash. 
The solution is evaporated down to about a litre, a little water 
being carefully added (with stirring) from time to time, if required. 
The amount of permanganate necessary depends, of course, 
upon the quality of the potash, but each pound of the latter 
should not require more than about 5 c.c. of saturated aqueous. 
permanganate. The latter is most conveniently added from a 
pipette, and with a little practice the quantity necessary is: 
arrived at without much trouble. After cooling, the potash 
solution is siphoned into a Winchester, which should have in 
it at least two charges of potash; and it is well to keep two 
such bottles going, as the manganese mud takes a week or 
two. to settle.t When the supernatant liquid is clear (and 
colourless), it is again siphoned off into a smaller stock bottle. 
It is unnecessary to add that such a strong solution of potash 
requires careful handling. 





* It is a wise precaution to place the tripod which supports the basin in a shallow earthen- 
ware crock of suitable size. 
+ This manganese mud is free from nitrogen (see Appendix 7). 
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1 (4): Pure Crystallised Sodium Sulphate.—This is ground up in bulk and 
any foreign particles are picked out. Properly speaking, it 
ought to be recrystallised. Before being ground it is tested for 
sulphites, thiosulphates, and ammonia (by the Nessler reagent), 


as these impurities are not unfrequently present in objectionable 
quantities. It must, of course, contain none of them.* 


(5) Pure Zine Foil. This is cut into strips weighing 3 grammes each, 
the size of such a strip being about 10 c.m. by 2'5 c.m. (4 in. by 

“1 n.). These are then boiled out twice with dilute potash 
(about 3 per cent.), washed thoroughly with distilled water, 


‘dried at once, and kept in a stoppered bottle. 


(6) Approwimately Deci-nor nal Sulphurre Acid. We always standardise 
this as Barium sulphate, making at least two estimations. 


(7) Standard Alkali (either potash, or ammonia). This is approxi- 
mately deci-normal or half deci-normal. The choice of alkali 
ig more or less:a personal matter. A solution of ammonia has 
the advantage of not absorbing carbonic acid:to anything like 
the same extent as potash. 


(8) Sensitive Litmus Solution. The directions for preparing this with 
the use of acetic acid and alcohol are to be found in Sutton’s 
“ Volumetric Analysis,” 7th edition, p. 34. eee 


Method.—100 c¢.c. of sewage, or 200 c.c. of effluent, are poured into a. 
rcund-bottomed flask of Jena glass of about 400 c.c. capacity, the neck of 
which is roughly 12 c.m. long and 2 to 3¢.m. in diameter; 5 c.¢. of athee 
sugar solution, 0°5 ¢.c. nitrogen-free sulphuric acid and a 3-gramme strip 
ot zine are then added, and the mouth of the flask is coveredwith a pad of 
moistened cotton wool interposed between two or more layers of clean filter 
or tissue paper, the overlapping ends of which are preferably kept tight by 
a rubber band. The flask is then :set aside in a ‘slightly inclined position. 
A-number-of such. flasks -are conveniently: placed along a’shelf, each one 
being loosely gripped by a small steel clip screwed ‘on to a horizontal spar 
of wood. ‘The above method of protecting:the liquid was‘adopted as the 
result of experience, foriit was found that distilled’water exposed to the air 
absorbed very appreciable: quantities of ammonia, as much as 000003 grm. 
NH, being taken up ina single night by 165 ¢.c.: of water, about 12 m.m. 
(half an inch) deep, contained ina jar of glazed earthenware. ° 

A further:addition of 0°5 ¢.c. sulphuric acid is made‘each day until the 
zinc is entirely dissolved, this usually requiring five days. The above slow 
addition of acid and slow reduction are essential, for we have found that if the 
reduction of a nitrated effluent is hurried, there will almost certainly be a 
loss of nitrogen and the estimation will come out:toolow. ‘The acid in the 
flask (inclusive of the 0°5 c.c. contained in the added sugar solution) is then 
made up to 10:¢.c. in all, and evaporation on wire gauze over a rose burner 
or even over a naked flame ‘is commenced (this has, of'course, to be done in 
a draught cupboard, the flask being well melined). Frothing takes place | 
when nearly allithe water has been evaporated off, and hence the flask requires 
watching at this stage. As soon as bumping begins, the flask is allowed to 
cool, 8 grammes of the powdered sodium sulphate are added, and the flame 
is again applied. When the water of crystallization of the 'sodium salt has 
been driven off, the acid begins to fume, and the neck of the flask must now 
eae REIS A AE OC AP STATOR TPRPAE POOP IRURITT 

* It would save trouble to add the sodium sulphate in the form of solution, after the liquid. 


in the Kjeldahl estimation had been reduced to about 20¢.c., but we have found that this lengthens 
the process appreciably. 
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be virtually closed by a small glass balloon which fits fairly closely ; heating 
is then continued until the contents of the flask are colourless, or only faintly 
yellow, this last stage usually requiring from two to three hours. 


After the flask has cooled down, the cake of sulphates is dissolved in 
distilled water and the solution is transferred to the distilling flask, A (see 
fig. 2), this latter being also preferably of Jena glass, round-bottomed, and 





FIguRE 2. 
ONE-FOURTH ACTUAL SIZE. 


of 750 to 1,000 c.c. capacity. Three or four pieces of wrinkled-up platinum 
foil* are added, to prevent bumping during the distillation. This flask is 
then connected by a stout rubber joint.to a small Liebig’s condenser, C, an 
anti-spit apparatus, such as a Travers’ adapter, B, being interposed between 
flask and condenser, so as to avoid the possibility of any alkali being carried 
over mechanically. The inner tube x of the condenser C projects about 15 to 
18 c.m. (6 to 7 in.) beyond the lower end of its water jacket, and is bent 
at such an angle as to be vertical when the condenser is in position. The distil-- 
late is collected in the two flasks, D and E {of 500 and 100 cc. capacity, 
respectively), fitted together in the usual way by tubes and rubber stoppers, 
while at the outlet of E there is a small vlass tube or tower, F. Tube z is 
not allowed to dip into the distillate, even at the end of the operation, in 
order to avoid all chance of the liquid being sucked back into the distilling 
flask. . 

., Before the receiving flasks are fitted on, ancamount of the deci-normal 
acid,.more than sufficient to neutralise all the ammonia in. the distillate, ‘is 
measured into D from a burette, while E receives about 0% cc. and F a. 
few drops, the total volume of acid used being then read off and noted. 
When all the connections have been made, the requisite excess of purified 
potash (7.e., about 2 ¢.c. more than would be required to neutralize 10 c.c. 
of the nitrogen-free sulphuric acid) is run into ‘A ‘through a long tap 
funnel G, which is then rinsed with a little water, and distillation.is carried on. 








* For a long time we used fragments of granulated zinc for this purpose: But there must 
have been a little hydrogen produced by the action of this zinc on the dilute alkaline solution 
in the distilling flask, and this hydrogen would exert a reducing action upon any traces of nitrate 
present in the permanganated potash. A minute error might thus be introduced into the estima- 
tion, though of course the conditions when distilling both estimation and blank were as nearly as 
possible the same. 
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until bumping commences. At this stage about 30 ¢.c. of pure distilled 
water are run in, and distillation is continued until the flask begins to bump 
again, when the operation is stopped. The whole distillation takes from 
three-quarters of an hour to one hour; we find it a distinct advantage, as 
regards time, to wrap cotton wool round the neck of the flask and the 
adapter (see figure), but this must not be placed sufficiently near the flame to 
catch fire. 

The contents of F and E are now rinsed into the larger Flask D, and a 
few drops of litmus solution are added. The carbon dioxide present is 
then boiled off, the flask cooled in water, and the residual acid determined 
by titration with the standard alkali in the ordinary way. A simple calcula- 
tion then suffices to give the ammonia found in terms of Total Nitrogen per 
100,000 parts of sewage or effluent. | 


“ Blanks.” 


As already indicated on p. 24, it is necessary to make two or three 
blank experiments for each set of reagents, using 200 ce. of distilled 
water in place of the sewage or effluent. In those “blanks” the quantities 
of reagents used and the whole procedure—including the length of time 
sccupied in dissolving the zinc---should be exactly the same as given above. 
Occasionally, when pressed for time for the figure of a “blank,” we have 
quickened the process, the tendency has been for the result to come out too 
low.* The volume of deci-normal acid required to neutralise the distillate of 
a blank estimation should not exceed 02 ¢.c. ; we have, in fact, had it as low 
as 0°11 ce. 

A part of the above “blank” no doubt comes from the alkali of the 
upper heated portion of the glass tube # through which the water distils ; 
hence it is important to shorten the time of distillation as much as possible, 
»g., by using a thin condensing tube of hard glass, which allows of quicker 
distillation than a thick one does. At one time we made experiments with 
a silvered copper distilling tube, bent into the adapter shape (Fig. 3), instead 





FIGuRE 3. 


ONE-FOURTH ACTUAL SIZE. 


of a glass one. The earlier results were good, but the silver soon began to 
wear off. Probably a tube of pure silver would answer very well, and we intend 
to try this shortly.t A very small part of the “blank” also no doubt arises 
from the solvent action of the slightly acid liquid upon the glass of Flask D, 
when carbonic acid is being boiled off towards the end of the titration. 


The use of sugar as an additional reducing agent to the zine foil was. 


determined upon after a considerable amount of time had been spent in 
experimenting with other substances usually recommended for this purpose, 
¢.g., zine dust, salicylic acid, etc. ; but we found that the “ blanks” given 





* Thus, a slow—‘blank” done upon reagents which were not very pure, gave nitrogen 
equivalent to 0°45 c.c. standard acid, while a “quick” blank showed only the equivalent of 
0:29 c.c. (Cf. Reduction of Nitrates, p 31.) 

+ Since the foregoing was written, we have obtained the following blanks with the same set 
of reagents :— : 

Silver tube: 0:08 c.c. and 0:08 c.c. acid = 0°G0011 grm. nitrogen. 
Glass tube: 0°14 ¢.c. and 0°12 c.c, acid = 0°00019 grm. nitrogen. 
t For a few comparative blanks with zinc dust, etc., Cf. Appendix 7 (2). 


* 
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by these latter were much too large for this delicate nitrogen determination © 
Since that time the use of sugar has been continued in order to ensure uni- 
formity in testing a large number of samples, and also in case there should 
ever be present some substance not reducible by zinc and acid alone. But 
the following series of duplicate determinations of the total nitrogen in 
various kinds of effluents, with and without sugar, by the same experimenter, 
appear to show that reduction with zinc and acid alone is sufficient. No 
such duplicate determinations have yet been done with sewages and 
tank liquors. 







Nitrogen—Parts per 100,000. 

















No. of Sample. | Nature of Sample. Difference. 
With Sugar. Without Sugar. 
} 
No. 159 3rd. Field effluent. | 1°88 1°54 a4 (Org 
| 
168 Final filtration | 0:64 0:60 — 0°04 
effluent. 
169 Final irrigation 1°30 1°48 +018 
effluent. | 
183 1st Field effluent. | 9°36 9-38 | +0:02 
| : 
1854 | Ist Field effluent | 1011 10°32 +031 
187B 1st Field effluent. 8:08 8:13 | +0:05 
188 lst Field effluens. 6°92 6°88 +0:°04 
189¢ 2nd Field effluent. 6:22 6:26 | +0:04 
i 
192 9nd Field effluent. 5°63 561 = 0-02 
199 lst Field effluent. 4:90 4°53 "37 
204 General filtration 1:91 1:90 — 0:01 
effluent. | 
205 General filtration 1:82 1:80 — 0:02 
effluent. | 
205¢ Filtration effluent. | 1:51 | 1:52 | +001 
207 Filtration effluent. 2°82 2:78 — 0:04 
‘Itrat; 1:90 1:90 +00 
209 Filtration effluent. 


ck | | 

It will be seen from this table that the total quantity of nitrogen 
in the above effluents varied between 0°60 and 10°32 parts per 100,000, 
—a wide range; further, much of the nitrogen was in the form of 
nitrate (cf, the various tables of analysis of the Report on the Land 
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Treatment, of Sewage, Part II.)*.. In. eleven. of. the . above _ fifteen 
duplicate estimations the difference is. only in. the. second, decimal 
figure, and never above 0°05; in the other four. cases, whether .owing to — 
errors of sampling or of analysis, the agreement is not so good... But the 
foregoing figures are sufficient to prove. the consistency of the results 
obtained by this modification of the Ajeldahl method, while - at the. same 
time they indicate that the use of the sugar. solution might 
possibly “be dispensed with in the case of effluents, .One -advan- 
tage of not using sugar is that the time required in the final 
heating of the sulphates in the Kjeldahl flask is shortened, and this of 
course lessens any possible chance of traces of ammonium sulphate 
being carried away mechanically by the escaping sulphuric acid fumes. 
On the other hand, an effluent might conceivably, though not probably, 
contain a nitrogenous compound not reducible by zinc and acid alone 
(cf. Dyer, Journ. Chem. Soc. for 1895, p. 811). In the paper just cited, 
Dyer gives a very full list of substances which yield up all their nitrogen 
under the Kjeldahl process which he followed. Putting everything 
together, we think it may be safely assumed that our modification of the 
Kjeldahl method does really estimate the whole of the nitrogen present in 
a sewage or an effluent. : 


To test the effect of different methods of heating the Kjeldahl, flask, 


the following duplicate estimations were also done by the same experi- 
menter, sugar being used in every case. 





——————_. 





Nitrogen—Parts per 100,000, » 





No. of 





Sample. Nature of Sample. | Evaporation and Evaporatioiiland ] 
subsequent b heati Diff 
heating on sand- subsequent heating ilference, 
hee on wire gauze. 
212 Filtration effluent. 1:46 1:50 + 0:04 
Evaporation and 
subsequent heating 
over naked flame of 
rose burner. 

211 do. 1-64 1-67 + 0:03 
213 Dilute sewage. 1-45 1:40 — 0°05 
214 Filtration effluent. 2°59 2°70 + 0-11 
214b do. 3°21 3:17 — 0:04 
217 Sewage. 11°63 | 11°41 3092 
218 | Filtration effluent. | | 1°62 1:59 — 0°03 
220 do. 2°62 2°53 . — 0°09 








Here again it will be seen that the results are very consistent, and 
that any one of the above methods of heating may be employed. It is 
however best, on the whole, to heat the flask on wire gauze over a rose- 
burner flame. But it must not be forgotten that at certain stages of the 
heating the flask has to be carefully watched. is | | 








* Part II., Chemical Report, by Dr. G. McGowan. 
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~* A» further duplicate’ estimation ‘with different quantities of zine 
gave — i ai ig 
aera OF Nature of 


| 3 grms, Zine: : 
__ Sample. | Sample. 
| 


1:5 grms. Zine 
+Sugar Solution, |: 


+Sugar Solution, 













2°46 
effluent. 


Filtration | 
| 





In this case, therefore, the smaller quantity of zinc was sufficient, but’ 
the nitric’+ nitrous nitrogen in the effluent amounted to only 0°72 part per 
TOU, 000 ot 


Estimation of Nitrates by the above Kjeldahl Method. 


With regard to the estimation of Mitrie Nitrogen by this Kjeldahl 
method—when the zine is dissolved rapidly by adding the whole 10)c.c: of 
sulphuric acid at once, the reduction of nitrate to ammonia is very in- 
complete ; this is proved by the following two determinations made 
with a solution of pure potassium nitrate :— 





I. II. 
Nitric Nitrogen taken (grms.) - — - 0:008078 0:005993 
Nitrogen found by Kjeldahl (grms ) - 0006152 0:004260 
Loss” - - - - 0:001926 0:001733 
Percentage loss - — - 238 28°9 








i uf OL 





But when the slow reduction method is followed with solutions of pure . 
potassium nitrate, the error does not exceed about 3 per cent. of the total 
quantity taken, as is shown by the following three estimations :— _ 








Grms. Nitric Nitrogen taken | Equal to Parts | Nitrogen found Loss. Percent- 
in 200 c.c. Distilled Water. | Nitric Nitrogen |. by “ Kjeldahl.” age Loss. 
ha Bet per 100,000. 
I. 0-011821 6-01 0-011543 0-000278 2-4 
Lap 0-011633 5°81 0:011226 0:000407 3°5 
It. 0'011633 581. 0°011190 0-:000403 || 35 








In order’ to see whether a’ closer approximation (than the foregoing 
error of 3 per cent.) to the estimation of the nitric nitrogen in a solution of 
pure potassium nitrate could be obtained by using aluminium foil and caustic 
potash for reduction, instead of zinc and acid, a few experiments were made 
as follows :— | 

From 0°5 to 1°0 grm. aluminium foil and 10 c.c. of the purified potash 
were used for each estimation, which was made in a tightly-corked flask 
fitted with a valve containing a~little- dilute -sulphuric~acid;-so~as~to~trap 
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any ammonia that might escape from the alkaline liquid. After reduction 
the whole was boiled down with strong sulphuric acid in the usual way, no 
sodium sulphate being however added. The results showed a loss of 6 to 
12 per cent. of nitric nitrogen upon quantities of 0006 grm. nitric nitrogen 
in 100 c.c. of liquid. 

There was also the further objection that the cake of aluminium 
sulphate did not dissolve in the boiling sulphuric acid during the last stages 
of heating, and hence it was practically impossible to disintegrate all the 
carbonaceous (and nitrogeneus ?) matter. 

The loss per cent. would, of course, be smaller in a solution containing 
nitrogen in the form of ammonium salt as well as of nitrate (assuming 
that no compound of nitrogen is present which escapes reduction). 
Thus, with solutions containing ammonium chloride alone, the Kjeldahl 
method gave the following results :— 


Parts per 100,000. 


Ammoniacal Nitrogen : 
taken (presumably in Nitro Reade” by _ Gain or Loss. 


200 ¢.c. water). 


Percentage 
Gain or Loss. 


I. 4-117 4-12] +0004 : +0°10 
II. 2-061 (a) 2138) Thro deter- +0:072 +3:5 

(b) 2:065) minations +0:004 +0°19 
Ill. 2-061 9-045 | ~ 0-016 ~ 0:78 











Rejecting IT. (a) as being probably a bad estimation, the other figures 
found are very near those required by theory. 


Estimation of Nitrites by the above Kjeldahl Method. 


The following mixed solutions (each in 200 ¢.c. distilled water), which 
consisted mainly of salts of ammonium together with very considerable quan- 
tities of nitrite, but very little nitrate, gave :— 





Parts per 100,000. 




















Nitrogen taken as : 
Total Nitrogen Guinier Rereentie 

Nitrogen found by {oes as 

taken. ** Kjeldahl.” ; ie 
Ammonium Potassium Potassium ; 

Chloride. Nitrite. Nitrate. 
2-061 0:038 0:005 2°104 2°181 + 0:077 + 3°7 
2°061 0:383 0:049 2°493 2°526 + 0:033 + 1:3 
1:095 0-076 0:004 lia 1:205 + 0:030 + 2°6 
1-095 O7152 0:007 1°254 1°225 — 0029 — 2°3 
fi 

2-061 0-383 0:049 2°493 2°47 4 + 9-019 — 0°& 
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.” These results prove that amounts of-nitrous nitrogen, such as are usually 
found in sewage effluents, are estimated—within the limits of experimental 
error-~by this slow-reduction Kjeldahl process. The following figures, how- 
ever, show that this is not the case with solutions containing large amounts 
of; nitrous nitrogen (3 to 4 parts) per 100,000), quantities far in excess of any 
that:we have ever found in land effluents, or indeed’ in any sewage. eftluent 
with possibly only one exception :—.°. | 





Parts per 100,000. 














a4 Nitrogen taken.as:.‘.. 
S| Total Nitrogen | Nitrogen found L Percentage 
taken. by “Kjeldahl.” ee Luss. 
Potassium Potassium 
Nitrite. ») Nitrate. 
8832 1h 0:488.. 4°320 3460 0-860 399-5 
2-980 1-830 4°810 3°990 -0°820 274 

















This.loss.is«loubtless caused by lower oxides of nitrogen escaping from 
the acid liquid before the nascent hydrogen has had time to reduce them. 
It would therefore be advisable, when a Kjeldahl estimation has to be made 
of a solution containing a great deal of nitrite, to first convert that nitrite into 
nitrate by means of pure permanganate solution. dh ct 


Conclusion.—To sum up shortly : This slow reducticn Kjeldahl method, 
if carried out in the manner detailed above, is excellent for arriving directly 
at the total nitrogen in a sewage, tank or precipitation liquor, or effluent. 
It is also to be recommended for the «direct determination of the “ X ” 
nitrogen and the total organic nitrogen in sewages, tank or precipitation 
liquors, and (with care) in effluents of average quality. But with very 
pure effluents, such as those from the Nottingham sewage farm (whose 
nitrogen is present almost altogether as nitrate), the errors of experiment 
are too great for this indirect method for the determination of ‘‘ X ” nitrogen 
and total organic nitrogen to be of value at present, though the method could’ 
no doubt be still further refined (cf tables of analysis).* When once the 
details of the process have been mastered, it does not require a dispropor-. 
tionate amount, of time to carry it out. .And we think that there can be no. 
doubt of its value, both for the actual information which it gives of the 
composition of the liquid in question and because of its acting as a check 
upon the other figures of analysis. It has, of course, the drawback of being- 
an indirect method as regards “ X ” nitrogen and total organic nitrogen. It 
was intended to have made a considerable number of comparative estimations 
of organic nitrogen in this way, and also by the well-known direct method of 
Frankland and Armstrong, but time has so far not allowed of sufficient being: 
done to warrant any conclusions. We hope, however, to be able to do this 
later. 


Correction for Nitrite in the earlier Kjeldahl Estimations of 
| Total Nitrogen in the Land Samples. 


In the earlier Kjeldahl estimations, up to sample No. 226c, attempis 
were (mistakenly) made to decompose any nitrite present in the quantity of 





* Part II., Chemical Report, by Dr. G. McGowan. 
6628, E 
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sewage or effluent taken, before reducing the solution with zinc. The 
method adopted was to heat the 100 c.c. or 200 c.c. of liquid to boiling in a 
Kyeldahl flask after the first addition of 0-5 ¢.c. sulphuric acid alone, or after 
the addition of this acid together with the 5 c.c. of acid sugar solution. 
Some very early experiments had led to the belief that this procedure would 
decompose either the whole or nearly the whole of the nitrite present in 
solution. But this was not borne out by subsequent observations, and 
hence a series of determinations had to be made, in order to apply the 
necessary correction—in most cases a very small correction—to some of 
the Kjeldahl results. 


The plan followed here was to dilute to 200 c.c. with distilled water 
known amounts of pure potassium nitrite solution (previously standardized 
by permanganate) and, after the addition of 0°5 c.c. sulphuric acid, or 0°5 c.c. 
acid plus 5 cc. of the sugar solution, to heat to incipient ebullition in a 
Kjeldahl flask over a rose-burner flame. ‘The nitrite remaining undecom-~ 
posed was then determined by m-phenylene-diamine. 


The results obtained by treating with acid alone were not sensibly 
different from those with acid and sugar solution; nor did the presence or 
absence of ammonium salts—added as ammonium chloride—appreciably 
influence the percentage amount of nitrite decomposed. It was further 
ascertained by experiment that there was no reduction of nitrate to nitrite 
by heating to boiling with the acid sugar solution. The figures obtained are 
briefly summarised in the following table :— 

















Nitrous Nitrogen taken in Number of Mean percentage amount of 
200 c.c. of liquid, expressed in Observations Nitrous Nitrogen left 
Parts per 100,000. made. in the Solution. 
Extremes, 

0-02 5 431 (27-2—54-0) 
0-04 5 46-2 (36°9—60-0) 
10°08 5 54:2 (36:9—60 7) 
90:4 ip. 8 | 45-4 (26°7—57°8) 
0°15 2 | 50:4 (47:2—53°'5) 
0-22 2 49:2 (39°7—44"7) 
0:25 2 51:2 (49°3—53°0) 
0°32 2 49:0 (44:°5—53°5) 
0:43 “2 55:7 (50°5—62°3) 
0.54 4 48:2 (36'2—63°8) 
0°67 f 2 46°6 (45°2—48°0) 
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It was found impracticable to arrive at this nitrite correction directly 
_by the Kjeldahl process alone, ¢.e., by making two determinations of total 
nitrogen in the same sample (a) without any preliminary treatment, and 
(b) after raising to the boiling point with acid, as above. The amounts of 
nitrous nitrogen present in most of the land samples were less—usually 
much less—than 0°15 part per 100,000, and the Kjeldahl error of experiment 


was too large in proportion to this to allow of correct deductions being 
drawn. 


EXPERIMENTS UPON THE DETERMINATION OF ORGANIC NITROGEN BY THE 
KJELDAHL PROCESS WITHOUT REDUCTION, CONJOINED, WHERE POSSIBLE, 
WITH THE DIRECT DETERMINATION OF FREE AND SALINE AMMONIA. 


We have made a considerable number of concurrent determinations of 
the organic nitrogen of sewages, effluents, etc., by this method, and by 
the method with reduction which has just been described, but although in 
some instances the method without reduction gave the better results, we 
have found it on the whole much less reliable. The process adopted was as 
follows :— 

From 10 c.c. to 100 ¢.c. of the sample (according to its strength) were 
boiled down with 4 cc. of nitrogen-free sulphuric acid in a round- 
bottomed Jena flask, the heating being continued, after all the water had 
been evaporated off, until the acid became colourless (the mouth of the 
flask was closed by a small glass balloon as soon as the acid began to fume). 
When cold, the flask was rinsed out with distilled water into a stoppered 
measuring flask of known capacity, a few c.c. of a solution of oxalate of 
potash (ammonia-free) being sometimes added, to throw down the lime 
present. The solution was then rendered just alkaline with purified potash, 
before being made up to the mark with water. 

The flocculent precipitate which invariably formed upon the addition of 
the potash, both in the presence and absence of oxalate, was allowed to sub- 
side for at least 24 hours, and a suitable fraction of the clear liquid was then 
nesslerized, 

A “blank” was made in exactly the same way, using like quantities of 
reagents, but substituting distilled water for the sewage or effluent. The. 
nitrogen found in the “ blank ” had then only to be corrected for the minute: 
quantity of nitrogen in the distilled water added before boiling dowa. The. 
resulting figure, representing the unoxidized nitrogen in the 4 cc. of 
sulphuric acid used, was then subtracted from the corresponding one in the 
actual estimation, the difference giving the organic nitrogen plus the nitrogen 
from the free and saline ammonia present. By deducting the latter, 
determined if possible by direct nesslerization of the sample, a value was 
obtained for the organic nitrogen present. As will be seen, however, by a 
reference to the Chemical Tables of Analysis in the Land Report,* direct 
nesslerization for free and saline ammonia was more often than not im- 
possible, owing to the turbidity produced on adding the Nessler reagent. 


There are several objections to this method of estimation, viz — 


(1) A turbidity is frequently produced on the addition of the Nessler 
reagent, even after lime salts have been precipitated by 
oxalate ; 

(2) The nitrogen of the free and saline ammonia, plus the organic 
nitrogen, determined as above, have in many cases come out 
lower than the figure for free and saline ammonia a'one, whether 
the latter has been estimated directly or by distillation. This 
last appears to be more or less due to the presence of nitric 
nitrogen, the greatest discrepancies being usually obtained with 
highly nitrated samples, though this was not invariably the 
case. 


* Part II., Chemical Report, by Dr G. McGowan. 
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In order to gain some light on the point, experiments were made upon 
the evaporation of dilute solutions of pure potassium nitrate with the usual 
quantity (4 ¢.c.) of nitrogen-free sulphuric acid, the evaporation being stopped 
at different stages; the nitrogen left behind was then determined by the 
copper-zinc couple method. The results are shown in the following table -— 











Grms. Nitric Equal to Per Cent. te ere 
Nitrogen in 100ce. | Parts Nitrie | of Water Gris. ee eee 
Distilled Water Nitrogen per Evaporated a Resi aus aR sey ie 
(+4 cc. Acid). 100,000. off é : . 
0-010 10:0 58°1 001029 100-0 
0:002 | 2:0 83:0 000203 100-0 
0-002 2-0 ptoay 93-5 000161 ) ty HasOre 
0-003 2°0 Fag FAs om 000094 46°9 
0-002 2:0 99:0* 6:00033 16°4 




















* This was fuming slightly. 


It is thus clear that the greater part. of the nitric nitrogen persists in 
the sulphuric acid solution until shortly before the latter begins to fume. 
The free nitric acid, which is then, of course, concentrated, must exert an 
oxidizing action upon any organic matter present, some of the organic 
nitrogen being then probably lost in the form of lower oxides of nitrogen. 


(3) There is probably some absorption (or adsorption) of ammonia by 
the precipitate produced in the alkaline liquid, as is shown by the following 
figures. These were obtained by (1) pipetting off most of the clear liquid 
and nesslerizing 10c.c. of it directly ; (2) shaking up the precipitate in the | 
remaining liquid, withdrawing 10¢.c. of the mixture, distilling and 
nesslerizing. (Strictly speaking, this comparison would have been a more 
correct one if both the clear and the turbid liquids had been distilled before 
being nesslerized. ) | 


























Organic Nitrogen ; Parts per 100,000. 
Number of Nature of 
Sample. Sample. 

Clear Liquid. Turbid Liquid. 

168 Final Filtration Effluent. 0:19 0°41 

172 Final Surface Effluent. 1:38 1:49 

173 Do. Do 0:72 0°81 

f 
182 Street Washings. 0°66 0°80 
Re ee ee 
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Oxalate was used‘in the case of Nos.172 and 182, and’ possibly m the. 
others also; but there are-no records with regard to the latter. @ 7 
wars" The ‘above: differences’ would be slightly augmented, were a correction * 
to, be introduced for: the'volume‘of the precipitate. =" a pede ge 


To conclude: If the Tables of Analysis* be referred to, it will be seen 
that in*many of the sewages examined ‘the’ results obtained’ for organic 
nitrogen’ by ‘this method without reduction agreed very well with the figures 
by the other method. Again, in samples containing an appreciable amount 
of organic nitrogen and not more than, say, 0°5 part of nitric nitrogen per 
100,000—conditions frequently met with in brook water receiving effluent 
—the organic nitrogen found by the method without reduction evidently 
approximated in most cases to the truth. In very pure effluents, too, the 
method, even with the drawbacks mentioned,, frequently gives results which 
are more nearly correct than the method with reduction. But, for general 
work upon sewages and sewage effluents, our experience is against the method 
without reduction, for the reasons just stated. 


‘““OxycGEN ABSORBED ” FROM A SOLUTION OF ACID PERMANGANATE AT 
26°72C. (80°F.) :—(a) AT ONCE; (B) AFTER FOUR HOURS. 


The principle of this well-known test is sufficiently explained by its 
title. 


Solutions Required. 


(1) Aqueous potassium permanganate, containing 3°94 grammes per 
), litre. 


(2) 10 per cent. sulphuric acid, z.e., 90 vols. water and 10 vols. con- 
centrated acid. 


(3) Sodium thiosulphate, containing about 12 grammes of the salt 
and 2 grammes of sodium carbonate per litre. 


The oxygen value of this thiosulphate is determined by means of deci- 
normal bichromate solution (prepared from the re-crystallised and pure 
salt), potassium iodide and hydrochloric acid, as given in Sutton’s “ Volumetric 
Analysis,” 7th edition, p. 131, ‘his value should of course be frequently 
checked, as the solution tends to weaken with time; and, for the same 
reason, its equivalent of permanganate should be determined for each day 
that it is used. 


(4) A dilute and clear solution of Starch. This must not contain any 
floating particles. 


Process.—(a) The “At Once” Test.—10 ¢.c. of the permanganate solution 
are measured out by means of a pipette into a small stoppered bottle of 
about 100 c.c. capacity, an equal volume of the dilute sulphuric acid is added 
to it, and the bottle containing the mixture 1s carefully warmed 22 a water 
bath to a temperature of 26°7°C. (80° F.). A portion of the sample of sewage 
or effluent is warmed separately to the same temperature, and 25 c.c. of it 
(or 10 c.c., diluted to 25 c.c. with distilled water, in the case of a very strong 
sewage) are added to the acid permanganate. The contents of the bottle are 
mixed by gentle rotation, and the unreduced permanganate is determined 
at once by the addition of a few white crystals of potassium iodide and titration 
of the liberated iodine with the standard thiosulphate, a few cc. of dilute 
starch solution being added towards the end of the reaction. 


The time required from the mixing of the warmed sewage or effluent 
with the warmed acid permanganate to the addition of the potassium iodide is 
about half a minute. . 





— 


* Part IL, Chemical Report, by Dr. G. McGowan. 
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Probably the ‘3 minutes” test, which is commonly followed, is better 
than the above “at once” test, since the former gives rather more time for the 
reaction to complete itself. But as we had got into the habit of carrying out 
the test “at once,” it was thought well to continue it in this way for purposes 
of comparison. 


The following Table gives a number of comparative estimations made 
“at once,” and “after 3 minutes” at 26°72 C. (80° F.), the above strong 
permanganate solution being used in both cases :— 























- | Strong Permanganate Solution at. 
26°79 C. (80° F.) 
No. of Sample. Nature of Sample. 
Ae obits After After 
; 3 minutes. 4 hours. 
3381 Storm water. 1:20 1°88 held 
3385 jo 1:29 1:50 5°22 
3370 Crude sewage. 7:20 10-31 27°57 
3375 ,, (weak.) 0-46 0°53 1:62 
3378 3 440 493 20°21 
« A” (Caterham) Crude sewage. 7:20 9:03 23°59 
3384 , 1:13 1°57 654 
3394 Settled sewage. 3°73 4:53 11°81 
3368 3°68 5-56 16°82 
3371 i 4-51 6-45 17-24 
3377 wf 3-04 4-04 11°34 
: 
3390 . 1:35 1:43 4:32 
“B” (Ca‘erham) Septic tank liquor. 4:06 5°31 18-01 
Ilford . 0°64 O74 284 ; 
3395 H 1:56 2°32 6-79 f 
34044 3 4°68 581 9°82 | 
' 
f 
664 Precipitation liquor. 0°63 0:90 369 
J 
3385a i. 1-23 - 1:40 B75 
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Strong Permanganate Solution at 26-7°C. (80° F.) . 





























Souk Nature of Sample. —Tirt to 
Atcouee: After | After 
3 nae | 4 hours, 
Contact effluent. 
3389 Primary. 0°69 1:00 3°67 
3393 3 1°20, ¢: 1:38 3°96 
3398 fe 0:59 0°92 2°67 
3379 : a ee 0-17 0-81 
3360 ) 0°32 0-52 51 
3360 B se 0.32 0-49 1°42 
3388 Secondary 0-41 0°55 0-77 
3387 ' 0:26 0°33 1-00 
3391 G 0°46 0°56 1:94 
663 Tertiary 0:38 0°46 0°97 
| 
YESS Continuous effluent 0-79 0°86 2°56 
“AL” P 0-77 6-94 3-68 
3386 B ae 0:23 0°35 0:67 
3392 Se 0°39 0°46 1-61 
By 0°64 0:80 2°37 
3366 ‘ 0°19 0°22 1:05 
3369 * 0°31 0°32 1:12 
3373 ‘i 0°36 0°35 At 9 
- 3376 7 0:29 0°30 1-00 
«O” i 1:31 141 3°76 
«p” | > 1:18 1-16 | 2°93 
3380 - 0:19 0°37 153 
bow | 

3397 of 0°45 0:57 1°64 


3382 ‘ 0-14 0-26 114 
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From these Tables it is seen that the ratios of the two tests, at once 
and after three minutes, when done with strong permanganate at 80° F. 
aré2— te | . hk Naik 


For 10 sewages and 2 storm waters. lav 1: 132.0) 
» 4 septie tank liquors., ... “pe 1 11°30 
,, 6 primary contact bed effluents 1641-46 
,, 3 secondary and one tertiary effluent... 1 : 1:26 
,» 9 continuous filter effluents* by bo 


*(Omitting the continuous effluents with the high figures.) 


Further estimations are required here, but apparently the ‘average 
ratio for final contact and continuous filter effluents of a fair degree of 
purity is about 1:1:25; and the higher the degree of purity, .the less 
marked is the difference between the two tests. . . 


The four hours Test-—A similar determination to the above is made 
with similar volumes of sample and acid permanganate, after the mixture 
has been allowed to stand in an incubator at 26°7° C. (80: F°.) for four 
hourst. 

In both cases the results are expressed in terms of “ Oxygen absorbed” 
from permanganate per 100,000 parts of the sample by weight. “4 


4. few minutes longer or shorter in carrying out the “4 hours” test 
makes practically no difference in the results obtained ; but unless the “at 
once” determination is made within certain prescribed limits of time, the 
figures may show a marked divergence. Several such (more or less) dis- 
crepant results, probably arising chiefly from this cause, are given in the 
Tables of Analysis of the Leicester Sewage Farm (Samples No. 124, 126, 
128, 130 and 131f). | 


As a general rule the permanganate solution used by chemists for 
sewage and effluent analyses is only one-tenth as strong as that given above, 
and there are no doubt advantages to be claimed for both strengths. We 
think that for dealing with a variety of sewages and tank liquors of very 
different concentrations the strong permanganate is to be preferred. For 
effiuents, however, unless they are very impure, and assuming that there is 
always a large excess of permanganate present, the weak solution no doubt 
gives more accurate results, the error of analysis being rather less in this case. 


Since sewages, tank liquors, and certain effluents contain organic sedi- 
ment as well as organic matter in solution, it would probably be well to 
gently rotate the bottle in which the four hours’ mixture is being warmed, 
at, say, half time, in case there might be any deficiency of permanganate in 
the liquid then in immediate contact with this sediment. We ourselves have 
not done this, but it is recommended for the weak solution by Mr. Fowler in 
his “Sewage Works Analyses.” Of course, in using a strong permanganate 
solution (of which never less than 50 per cent. should remain unacted upon 
at the end of the four hours), any danger arising from this cause is likely 
to be very slight. We would again emphasise the desirability of always 
having a large excess of permanganate present, whether the weak or the 
strong solution be used. : 


We have not yet made a sufficient number of comparative estimations 
with the weak and strong permanganate solutions to be able to comment with 
advantage upon the point at this stage. But it is evident that the action 
of the strong permanganate at 80°F, is markedly greater than that of the 
weak permanganate at 60° or 65°F. Speaking provisionally, the ratio- 
figures appear to be, roughly :— 


Weak Permanganate Strong Permanganate 
at 65°F. ; 3 mins. at 80°F. ; at once. 
(A) - - - : 1:0 lly 





+ The incubator,/msed should not be too small. During the Land investigation the 
incubator employed was an ordinary steam oven, with a piece of asbestos or paper cardboard 
inside the dozr, and the variations of temperature were occasionally greater than they should 
have been. 


¢ Part II, Chemical Report, by Dr. G. McGowan. 
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So far as our results go, this ratio seems to be very constant for 
sewages, septic tank liquors and precipitation liquors, but much more 
irregular for effluents from artifical processes (we have no data on the 
subject with regard to effluents from land). 


Weak Permanganate Strong Permanganate 
_ at 65°F, ; 4 Hours. at 80°F. ; 4 Hours. 
(B) - - - - 1:0 1-6. 


This second ratio appears to be fairly regular throughout, for all the 
above classes of liquid (again without reference to land effluents). The 
subject: will be dealt with in a subsequent paper, and at the same time che relation 
between the “oxygen absorbed” from permanganate and the dissolved oxygen 
taken up from water will be discussed ; a large number of data on this latter 
point are being accumulated. 


Addendum.—One experiment was made on November 10th, 1899, in 
order to see whether the atmospheric oxygen present in the upper portion 
of the bottle took part to any measurable extent in the 4 hours’ oxidation 
at 80° F., by performing the test in duplicate (a) in the ordinary way ; and 
(b) in a bottle filled up to the stopper with distilled water, only a minute 
air-bubble being left. As was to be expected, the results agreed closely, 
2.e., the atmospheric oxygen exerted no appreciable influence. 


IncuBaTor TEstT (BY PERMANGANATE). 


This has been carried out, as recommended by Mr. Scudder 
(for the “‘3 minutes” test), as follows :— | 


A small well-stoppered bottle (of about 125 cc. capacity) is 
completely filled with effluent, the stopper firmly inserted, and the 
liquid incubated at a temperature of 26-77% C. (802 F.) for five 
days. At the end of this time the oxygen absorbed” from _.per-- 
manganate at once is again determined. If either the same quantity of” 
permanganate or less of it is now required than in the corresponding 
estimation in the original sample, the liquid has withstood incubation ; if, on. 
the other hand, more is needed, it has not.* In working out the quantities 
of permanganate oxygen thus used, allowance must be made for the nitrite 
present ; 7.¢., the amount of oxygen equivalent to the nitrous nitrogen in 
the solution at the time of the thiosulphate titration is deducted from the 
total permanganate oxygen used up. ‘The reason for this of course is that, 
although nitrites are themselves readily oxidized by permanganate, they are 
on the other hand oxidizing agents as regards organic matter generally. 

A considerable number of comparative estimations were also made of 
the 4 hours permanganate used up before and after incubation, which are to 
be found in the Tables of Analysis. These have not been reckoned out 
further, but a reference to the various Tables will show that this double 
4 hours test runs in the main parallel with the double test at once. 


Incuzator TEst (By SMELL). 


A much simpler form of incubator test than the above consists 
in merely noting the appearance and smell of the liquid after incubation. 
If the sediment has become dark coloured (from the formation of 
sulphide of iron), the smell is invariably putrid, whereas if it remains. 
brownish-red, the liquid is usually quite inoffensive. We have found that. 
these two tests—Mr. Scudder’s and the smell test—run for the most part 
together in the case of land effluents, especially if one allows a little margin. 
on either side of the permanganate figure for experimental error. On the 
whole, the permanganate incubator test is the more stringent of the two. 





* Of Fowler, Sewage Works Analyses, p. 35. 
+ Part II., Chemical Keport, by Dr. G. McGowan. 
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Occasionally, though not often, a case arises where the characterisation 
of the smell is for one reason or another difficult, this being not infrequent 
when nitrite in considerable quantity is produced during the incubation. 
Doubtful cases can, however, often be resolved by testing the air in the 
upper part of an incubation bottle, after shaking up the liquid, with a 
strip of slightly moistened acetate of lead paper. On the whole this 
test—a very severe one—is of great practical value because of its 
simplicity. 


We have not actually carried out Mr. Stoddart’s Modification of the 
Incubator Test* (depending on the determination of sulphuretted hydrogen after 
incubation), and cannot therefore offer any opinion with regard to it. 


Nore.—In the Tables of Analysist a few instances are recorded, which 
show that five days’ incubation at 80° F. is not necessarily sufficient to 
indicate offensive putrefaction, an effluent occasionally remaining sweet for 
five days, but becoming bad if incubated for a longer period. But, for all 
practical purposes, five days may be taken as long enough. 


DETERMINATION OF COMBINED CHLORINE. 


Solutions required (these are approximately) —— 


(1) Silver Nitrate—479 grms. of the dry crystallized salt per litre. 


1 c.c. of this solution is equivalent to 0:001 grm. chlorine. 


(2) Sodium Chloride.—1°648 grms. of the pure dry salt per litre. 
1 c.c. =0°001 grm. chlorine. 


This sodium chloride is conveniently prepared by making a strong solution 
of ordinary table salt, allowing this to stand overnight, and then filtering it 
clear. Hydrochloric acid gas (from salt and sulphuric acid) is then passed 
into the aqueous solution through a tube which is not too narrow, and which 
is widened to a kind of small funnel at the end which dips into the salt 
solution. As the latter becomes acid, sodium chloride begins to crystallize 
out in small crystals. The magma thus obtained is drained by the pump 
through a funnel stopped by a platinum cone, washed onee or twice with 
small quantities of water, and finally ignited gently in a platinum basin. 


(3) Neutral Chromate of Poiash (K,CrO,).—A fairly saturated solution 
of this is used. 


The silver nitrate solution is first standardized against the solution 
of sodium chloride, using the chromate as indicator. A number of such 
estimations made with two different silver solutions against new standard 
sodium chloride on October 6th, 1902, gave results practically agreeing 
with one another, the average value of 1 cc. of silver nitrate, in terms 
of chlorine, being 0:000995 grm. (instead of 0:001 grm.). More often 
than not, in fact, the silver nitrate has been taken as pure and dry, and 
its solution not standardized against the chloride, though this is not 
teally a desirable thing to do. 


Process.—In an actual estimation 50 cc. of the filtered sewage or 
effluent are evaporatedt down to a volume of 1 or 2 ce. (or even to 





* Analyst, vol. XXVI., p. 281 (1901). 

+ Part II., Chemical Report, by Dr. McGowan. 

¢ This evaporation must be done in a draught cupboard, to prevent the escape of ammonia 
into the air of the room. | 
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dryness, if the titration has to be delayed), in a porcelain basin on the 
water bath. Three or four drops of the chromate solution are added to 
this residue, which is then titrated with the solution of silver nitrate 
under constant stirring, the end of the reaction being marked by the per- 
sistence of the colour of the orange-red silver chromate. We have 
adopted this plan of evaporation before titration because, when working 
with a pure dilute solution of sodium chloride, it was found that more than 
the theoretical quantity of silver nitrate had to be added before the 
indicator marked the end of the reaction, this excess being greater with 
high dilutions of the chloride.* It is thus desirable that the volume of the 
chloride solution to be titrated shall not exceed one and a half times the 
volume of the silver nitrate required, if this excess is to be avoided. It 
would not of course do to evapcrate an acid sewage or effluent without first 
rendering it slightly, but distinctly, alkaline with a solution of pure bi- 
carbonate of lime or carbonate of soda, neutralizing in the case of the sodium 
salt any excess of alkali with nitric acid after the evaporation and charring. 


The organic matter in a filtered sewage, tank liquor, or effluent must 
exert some slight reducing action upon the silver solution used, and to get 
an absolutely correct estimation of the chlorine present would necessitate 
the destruction of all organic matter. In actual practice, however, this has 
been found to be unnecessary. ‘To ascertain the extent to which the results 
are affected by the organic matter, a number of comparative estimations of 
chlorine have been made in different ways, of which the following may be 
cited :— 




















Evaporation 
with Sodium 
Carbonate. 
Evaporation. | The residue 
etinati Residue then |then charred, 
an Direct Direct charred, extracted 
Number of| Nature of ri ser Titration Titration jextracted with| with water, 
Sample. Sample. | ™° Sile Yas without after water, and and the 
Chi aa Evaporation. | Evaporation. | the filtered filtered 
Seas extract extract 
titrated. neutralised 
with nitric 
acid and then 
titrated. 
No. 1 Sewage 3°63 _- 3°50 — 3°52 
2 1st Field a8 aa — — 5:14 
effluent 
10:00 ; 
a Sewage — feet 10-06 — — 
— Diluted es 4-14 3°80 a =a 
sewage 
9 | 2nd Field as poy 10-20 “ s 
effluent sues 
8 lst Field = 9°40 9°36 ae She 
effluent 
= Sewage pee’ — — 6°80 7:64 
aan Sewage a — — 8:36 8°94 


6628 




















* Of. Dittmar, “ Quantitative Chemical Analysis,” pp. 219-220. 
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Some later comparative estimations, done in February, 1904, have 
given the following results :— 














| Evaporation to dry- 
: ith 10 c.c. of a 
; Evaporation meee TA 3 
Number of Evaporation to solution of  bicar- 
Sample. Nature of Sample. 5C.6. Ke fat! mie bonate of lime, etc., 
; and subsequent titra- 
tion. 
‘. 
No. 3395 | Septic tank liquor 10°34 10°24 10°22 
3396 | Continuous filter 
effluent 10°04 10°20 10°14 
659 | Septic tank liquor 
drawn on January | 
18th, and with the 
solidsnow aggregated 
| together 14°80 14°60 14°84 
3400 | Septic tank liquor | 3°68 3°72 3:78 











It may therefore, we think, be taken that, within the limits of accuracy 
necessary here—the, organic matter in solution in a filtered sewage, tank 
liquor or effluent, which has been concentrated by evaporation, does not 
sensibly reduce silver nitrate during the short time required for the titration 
of the chloride present. i 


Notse.—A solution of bicarbonate of lime is a very useful form of base 
for preventing loss of chloride during the evaporation of such solutions as 
the above, and the subsequent charring of the residue. The excess of lime 
helps to keep the residue porous, and as it is finally left in the state of normal 
carbonate it is readily filtered from the aqueous solution ; further, this solution 
can be titrated direct with silver nitrate, z.e., it does not require the addition 
of any nitric acid. 


GRAVIMETRIC EsTIMATION OF TOTAL, SUSPENDED AND SOLUBLE SOLIDs. 


(a) Total Solids.—50 to 100 c.c. of a sewage or tank liquor and 100. 


to 250 ce. or even 500 c.c. of an effluent are evaporated to dryness on 
the water-bath, in a small porcelain basin whose weight should not exceed 
20 grms. (platinum is, of course, preferable), and the residue is dried in 
the air-bath at 110° C. until its weight becomes constant. In the case of 
sewage, and tank liquors this is often a very tedious process, and indeed the 
weight sometimes goes on decreasing almost indefinitely, no doubt from the 
slow volatilization of certain organic compounds present. On the average a 
residue ought to be dry, or nearly dry, in four days. By igniting the basin 
with the dried residue—igniting very gently in the first instance—also tedious 
in the case of sewages and tank liquors, and again weighing, an approxima- 
tion is obtained between the Volatile and Non-volatide matter present. 

Note.—If the sample should be acid from the presence of fixed acid, 
a slight known excess of alkaline carbonate should be added before 
evaporation. 

(6) Soluble Solids.—The same operation as has just been described is gone 
through with a similar quantity of the sample, filtered through paper. 

(c) Suspended Solids, by difference.—The difference in weight between 
(a) and (4) represents the Solids in Suspension. 


The above process does not, of course, give all the solids, for ammonium 
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carbonate and any other solids volatile at 100° C. are lost in the evaporation 
and drying. ‘There may also be a loss of chlorine if magnesium chloride is 
present. Further, the ignition of the two residues, especially in the case of 
effluents containing nitrate, must leave the bases partly in the state of 
carbonate and partly as oxide. The above ignition, therefore, can only be 
taken as an indication whether there is anything abnormal in an effluent ; 
in a sewage or tank liquor it must give a fair approximation to the amount 
of organic matter present. 7 


A fairly correct result, in the case of effluents, has been obtained by 
other workers (¢.g., in the Massachussetts experiments) by the addition to 
the liquid of a known quantity of sodium carbonate, before evaporation. 


In the Land investigation * very few estimations of solids were made, 
except in the case of the average hourly samples of sewage, and in these 
the suspended matter was determined by difference, as above. In the case 
of effluents or other liquids containing only small quantities of suspended 
solids, this method by difference is not to be recommended. It means the 
estimation of a very small weight by the difference of two relatively large 
weights ; and, as the residues are usually very hygroscopic, this tends to 
increase the error. 


Suspended Solids :—Direct Determination of, by the Gooch Crucible. 


For a considerable time past we have made all determinations of 
suspended solids by filtration of 50 to 500 c.c. (according to the sample) 
through asbestos in a Gooch crucible. ‘This filtration is, of course, not 
always perfect, and the filtrate from a sewage or tank liquor or au imper- 
fectly purified effluent always throws down a further small quantity of solid 
upon standing, as the following examples show :— 7 

Suspended 
Solids. 


mor ; a f 3:00 volatile. 
Ist Filtrate, Jan. 20th, 1903 - 3°84 10:84 non-volatile, 
No. 30914. Settled Sewage 

0°82 volatile. 


2nd Filtrate, Jan. 27th, 1903 - 0°92 Oso aahe alii 


Suspended 
Solids. 
4:0 volatile. 
No. 30938. Primary Effluent - 1st Filtrate, Jan. 30th, 1903 - 57 1-7 Abie oR 


The filtrate did not look good, but after standing for seven days it had deposited 
only a very small amount of very light solid. 


Suspended 
Solids. 
0°82 volatile. 
No, 3255. Secondary Effluent - _ 0°85 0:03 non-volatile. 


This estimation was made by the Gooch method after the effluent had stood ina 
partly filled bottle for three weeks. At the time the analysis proper was 
made, the centrifuge showed only a trace of solid. 

Suspended 


Solids. 
( 45°3 volatile. 


lst Filtrate, May 6th,1903 - 3942 fehabio noubyole tile: 
No. 3144. Storm Overflow 
Water : : , 2-1 volatile. 
ond Filtrate, May 13th, 1903 - 139 ite Oe ie 


But, with this proviso, we have satisfied ourselves that the results 
obtained with the Gooch. crucible are thoroughly consistent and reliable. It 
has been stated that the asbestos of a “Gooch” does not always keep a 
constant weight if itis washed with water, or with salt solutions and water, and 
then re-ignited and re-weighed ; and some preliminary experiments made by 
us appeared to bear this out. But subsequent investigations with regard to 
this, in which the ignited and weighed “Gooch” was washed with water, 





* Part IL., Chemical Report, by Dr. G. McGowan. 
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re-ignited and re-weighed, have shown no such variations in weight, and we 
have, therefore, no hesitation in recommending the method for the deter- 
mination of the suspended solids of a sewage, tank liquor or effluent. The 
ignition of those solids, too, gives a reliable result as regards volatile and 
non-volatile matter. 

The asbestos to be used for the filtration should be in long silky fibres. 
A considerable quantity of this is first washed with water, to remove 
palpable dust, and then digested (not boiled) with strong crude hydrochloric 
acid for several hours. After this it is again roughly washed, and digested 
with successive small quantities of pure acid until the latter is no longer 
coloured by iron. Finally, it is thrown on to a funnel and washed with 
distilled water over the pump until the filtrate shows no trace of 
hydrochloric acid with silver nitrate solution, after which it is stored in a 
stoppered bottle under water. 

A layer of the above asbestos, about 3 m.m. (4 in.) deep, is spread as 
evenly as possible over the bottom of a Gooch crucible, 44 m.m. (12 in.) high 
by 38 m.m. (1} in.) in diameter at the top, and the crucible is ignited and 
weighed. ‘The latter is then carefully fixed into the filter flask by means of 
a piece of stout wide rubber tubing, which makes an air-tight joint when the 
pump is in use. After moistening the asbestos with water, as much as 
possible of the sewage or effluent is passed through it without the aid of the 
pump, the first portions of filtrate being, if necessary, refiltered. By pro- 
ceeding in this way the pores of the filter clog less rapidly than if the pump 
is used from the beginning. At the end of the filtration the asbestos must, 
of course, be well washed with successive small quantities of water, to free it 
from all soluble matter. The crucible is then dried at 110° C. until its weight 
is constant; after that it is ignited at a moderate temperature, and again 
weighed for non-volatile matter. 


Suspended Solids: Direct estimation by filtering through :— 


(a) Toughened Filtered Paper, with the aid of a pump. 


Before finally adopting the Gooch crucible we made some filtrations 
through toughened filter paper, the washed solids being subsequently 
transferred to a weighed basin by a jet of water from the wash bottle. The 
water was then evaporated off, and the basin dried at 110°C. and weighed ; 
then ignited and weighed again. This plan was, however, found to be not 
altogether satisfactory, from the difficulty of getting the solids completely off 


C 
=> 


the filter. But it is a fairly good, though slow, alternative method. 


(b) A tared filter of ordinary paper dried at 100° or 110° ©. 


This has also been tried. Here, of course, the pump cannot be used. 
If quick filtering paper is employed, the filtrate is unsatisfactory, and if slow 
filtering paper, the filtration may last almost indefinitely. Besides, the drying 
and weighing of filter papers consumes a good deal of time. We do not, 
therefore, recommend this plan. 


Suspended Solids :—Determination by Settlement, Centrifugalising, and 
Weighing combined. 


With the view of saving time, our colleague, Mr. Colin C. Frye, made 
use of the following method in the year 1901 for determining the suspended 
solids in the Accrington filter effluent. A litre of effluent was allowed to 
stand for three days in a tall narrow beaker* and then the liquid was 
siphoned off. The residual mud, along with as little water as possible, was — 








* Should the weather be at all warm, the beaker would have to be kept cool, e.g., in an 


ee in order to prevent the solids from putrefying and being brought to the surface by gas 
ubbles. 
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transferred to a large centrifuge tube (capacity 25 c.c.),* the centrifuge 
rotated, and the supernatant liquid then removed. The solids were once 
more rotated with a fresh addition of distilled water, after thorough mixing 
with the latter, in order to get them practically free from salts, washed with 


as little water as possible into a small weighed crucible, dried (finally at 
110° C), and weighed. 


The following comparative results were obtained :— 























Parts per 100,000. 
Dialed Gooch Decantation 
Arey Method. Method. 
Effluent of February 15th, 1901 - 4°60 — 4:50 
~ March 19th, 1901 - - - — 9°84 9°80 
. April 11th, 1901 - 2 : oe 7:24 T-52 
Be April 31st, 1901 - : - = 30°50 30°70 
a July 23rd, 1901 - - - = 11°60 12-00 
ie September 17th, 1901 - - = 12°16 12°16 





This decantation method is thus good where an effluent with well 
coagulated solids is concerned. A few results obtained with septic tank 
liquors were much less satisfactory ; hence the method would have to be 
tested fully with sewages and tank liquors before anything definite could be 
said with respect to these. 


VOLUMETRIC ESTIMATION OF SOLIDS BY THE CENTRIFUGE, 


The idea of arriving approximately at the quantity of solids present in 
a sewage or effluent by means of the centrifuge is due to Professor Boyce. 
We have now made use of this apparatus for years and, as_ will be seen by 
referring to the chemical section of the Land Report,t the relation between 
the volume occupied by the suspended solids or, rather, the mud in a settled 
sewage, as measured by the centrifuge, and the dry weight of those solids 
was found to be fairly constant for the same place. Most of the samples 
tested consisted of settled sewage ; with crude sewage there would obviously 
be much greater divergences. We have since then accumulated a large 
number of data with respect to the suspended solids of numerous other 
sewages, tank liquors, and effluents from artificial processes, but these have 
still to be collated. A determination by the centrifuge is a matter of a few 
minutes only ; so, assuming a sufficient number of comparative gravimetric 
estimations to have been made in the first instance for any one place, and 
assuming these to be fairly concordant, the value of the centrifuge for giving 
an approximate idea of the quantity of suspended solids in a sample is self- 
evident. 

The centrifuge used is completely covered by a round guard of strong 
sheet iron, 30°5 c.m. (122 in.) in diameter and 11°5 c.m. (4 in.) deep, which is 
screwed on either side to a firm projecting bar of steel; if such a guard be 
omitted, fatal accidents may result. The speed is about 2,000 revolutions for 90 
turns of the handle per minute. We have found by experiment that three 
minutes at.this rate is a sufficient length of time to allow the solids to aggre- 
gate in the narrow part of the tube, either to their full extent, or, at all 
events, nearly to that. 











* A larger tube would, of course, be preferable, supposing the centrifuge strong enough to 
carry it. 
+ Part IL, Chemical Report by Dr. G. McGowan 
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Figures 4 and 5 give the actualfsize of thc tubes employed. The 
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FIGURES 4 AND 5. 
ACTUAL SIZE. 


smaller of these, holding 10 c.c., is of sufficient size for a determination of the 
mud in a sewage or tank liquor, while the larger one of 25 c.c. is desirable 
for effluents, unless these contain much suspended solid. When using the 
larger tubes we do not find it safe with our present centrifuge to go beyond 
about 1,700 revolutions per minute. The lower portion of each tube is a 
wide capillary, and this portion is, of course, carefully calibrated with mercury 
in the first instance. Each division of the smaller tube has a volume approxi- 
mately of ‘0013 c.c., and each division of the larger one a volume of -0022 c.c. 
The exact quantity of 10 c.c. or 25 c.c. of the sample is filled into the tube 
from a pipette. For cleaning out the tubes the bristle of a broom is useful ; 
it is important to avoid scratching the glass. 


Nore.—Such narrow tubes are naturally unsuitable for sewages con- 
taining very coarse solids. 


ESTIMATION OF ‘‘ CELLULOSE” IN SEWAGES, ETC. 
Can 


An exact estimation of cellulose is a long and tedious process, the details 


of which are to be found in Messrs. Cross and Bevan’s well-known book on™ : ) 


cellulose. But the following simple plan which we adopted may be taken 
as giving arough approximation, subject to what is said on p. 51; or, at all 
events, it gives comparative results by the same process. 


250 c.c. of a sewage or 500 c.c. ofa tank liquor are boiled for 30 minutes 
in a porcelain basin (in a draught cupboard) with so much potash or soda 
solution that the whole liquid contains 0-67 per cent. by weight of KOH or 
5 per cent. NaOH ; during the boiling the liquid is kept up to its original 
volume by small additions of hot distilled water: from time to time. The 
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mixture is then passed through a filter of German paper (which does not 
shed its fibres readily), washed nearly free from alkali, re-transferred to the 
basin by the wash-bottle, and again boiled for’ 30 minutes in a solution of 
equal volume (250 c.c.) containing 0°5 per cent. by weight of sulphuric acid 
(H,SO,). After again filtering (through a small filter) and washing free 
from acid with water,* the filter with its contents is next washed several 
times (or extracted) with alcohol, and finally extracted for half an hour with 
ether in a suitable extraction apparatus. The ethereal extract is usually 
yellow in colour, and leaves a fatty residue on evaporation, showing that 
saponification by the dilute alkali has been incomplete. The cellulose and 
grit are then carefully washed from the filter into a small weighed basin, the 
water evaporated on a water bath, and the basin dried at 110°C. until its 
weight isconstant. It is then ignited and weighed again. The first weighing 
gives the “cellulose ’ and grit together, and the second the grit alone. 


The following -duplicate estimations of ‘‘cellulose” in a number of 
sewages, (a) by boiling with dilute alkali and acid only, and (4) by extracting 
also with alcohol and ether, show that much fatty matter was still left.in the 
former case :— 




















‘« Cellulose ”:—pa: ts per 
100,000. 
Number 
of Farm. Nature of Sewage. 
ers Extracted. eo eae d. 
No. 455 South Norwood Screened and settled 2°88 5:88 
» 460 _ Aldershot Camp os 3°88 10°68 
» 464 dc Pr 4:00 12°68 
»» 466 Nottingham Screened and crude 15:08 24°96 
5, 467 9 ” 6°24 15°32 
5) 468 & 3 5°32 14:96 
» 469 + Leicester Screened and settled 6°56 12°12 
id Len dl al povol 5-80 11-80 
weet? | Rugby | . 7°88 £0°96 
yy hdd : | ‘3 5-88 12-96 
ea yes: _ Cambridge * 5:08 716 
3 ATG re 59 | 4°32 7°60 
re is 3 Py 3°84 | 5°84 











The Action of an Acid Solution of Potassium Permanganate upon the 
Celluloses of Sewage. 


A few experiments may be cited here which we have made with the 
object of determining the effect of the 4 hours “oxygen absorbed” test at 
86° F. upon the cellulose compounds found in sewage. : 

(1) Pure cellulose, as is known, is not affected by an acid solution of 
permanganate (Cross and Bevan, J/oc. ci.) A gramme or so of good Swedish 
filter paper was cut up into small pieces about 1 m.m. square, and boiled for an 





* It is most important that the precipitate should not be allowed to become dry on the 
filter at any time. 
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hour with a 1°5 per cent. potash solution ; after being washed free from alkali 
it was boiled for half an hour with a dilute solution of sulphuric acid (0°5 per 
cent. by weight), again washed, dried, and finally extracted successively with 
alcohol and with ether for an hour in each case. The product, which was 
now pretty finely divided, was then dried for four days at 100° C. until 
its weight became constant. 

The 4 hours “ oxygen absorbed ” test at 26°72 C. (80° F.) was then made 
upon 0:0567 grm. of the above, together with 200 c.c. of the ordinary perman- 
ganate solution (3°9 grm. per litre), 200 c.c. water and 200 c.c. of 10 per cent. 
sulphuric acid. At the end of that time the mixture was filtered through 
Swedish filter paper, some peroxide of manganese which had precipitated on 
to the filter was washed out with an acid solution of potassium iodide, and 
then the whole was washed thoroughly with water. By the aid of a wash- 
bottle the residue was then transferred to a weighed basin and dried at. 
100° C. until the weight was constant. The cellulose found amounted to 
0:0585 grmm., as against 0°0567 taken, 2.¢., the whole amount was recovered. 

That no permanganate is used up when pure cellulose is submitted to: 
the conditions of the ‘oxygen absorbed ” test at 80° F. is further shown by 
the following experiment :—0‘0387 grm. of the prepared cellulose* was. 
disintegrated by grinding to a pulp with water, and the mixture was then 
diluted to 200 c.c. with distilled water. Two portions of this, (a) and (0), 
each of 10 ¢.c., were then mixed with 10 ¢.c. permanganate solution and 10 c.c. 
sulphuric acid (10 per cent.), and warmed for four hours as usual at 80° F. 
They were then titrated, alongside of a “blank ” (c) :— 


(a) required 34°75 c.c. thiosulphate solution ; 
(0) ” 34°79 29 ” 9 > 
(c) »? 34°75 9 ? ” 


This proves conclusively that any pure cellulose in a sewage or effiuent 
takes up no oxygen from permanganate in the “ oxygen absorbed” test. 


The case is however different with paper pulps which do not consist of 
pure cellulose, thus :— 3 


2,—(a) A cotton rag paper of a light brownish tint was pulped and 
extracted with ether, and 0:0592 grm. of the dried residue was 
subjected to the four hours “oxygen absorbed” test at 80° F. 
The result showed an oxygen absorption of 0°0056 grm., or 
100 parts by weight of the extracted pulp absorbed 9°46 
parts of oxygen. 


(6) 00576 grm. of the same pulp, not previously extracted with ether, 
took up 0°0061 grm. oxygen, or 100 parts absorbed 10°59 
parts oxygen. 


(3) Wood pulp paper,t of a pale yellow colour :— 


(a.) 0:0479 grm. of the dried pulp, previously extracted with alcvhol 
and ether, took up 0°0072 grm. oxygen from the acid perman- 
ganate, z.e., 100 parts absorbed 15°03 parts, oxygen. 


(b) 00588 grm. dried pulp, not extracted with alcohol and ether, 
took up 0:0087 grm. oxygen, or 100 parts absorbed 14:79 parts — 
oxygen. | 


Norre.—In the last two cases, but more especially in the second experi- 
ment (b), the permanganate was nearly exhausted at the end of the four 
hours’ warming, and so the figures obtained are probably somewhat below 
the true values. _, 








* The proportion of cellulose to liquid in this and the following experiments was approxi- 
mately what one finds in an average sewage. 


} This paper gave the ligno-cellulose reaction with aniline sulphate. 
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_Experiments were also made with a crude sewage drawn on March 4th, 
1902, in order to determine the difference, if any, in the amounts of 
*‘ cellulose” found :— 


(1) In the original sewage ; 


(2) In the sewage after subjection to the 4 hours “oxygen absorbed ” 
test at 80° F. [for this treatment with acid permanaganate 
200 c.c. sewage, 200 ¢.c. permanganate and 200 c.c. sulphuric 
acid (10 per cent.) were taken.| Two separate quantities 0/ 
the same sewage were treated in each series of experiments, the 
product from one portion of each being extracted with ether. 
The following figures were obtained :— 


Parts per 100,000 by Weight. 





(B) After 4 hours’ Permanganate 


(A) Without Permanganate Treatment. at 26-7° C. (80° F.). 


Series I., March 5th, 1902. 





(a) Cellulose and Fatty Matter = - 13°44 3°07 
(b) Cellulose (after extraction with 5°76 | 3:20 
Ether) | 
Grit from (a) - - - - 4:04 | 2°30 
| 
Grit from (b) - - ©: - 4:00 | 2°50 


Series II., March 7th, 1902. 


(a) Cellulose and Fatty Matter - 14°56 | 2°90 





(b) Cellulose (after Ether) -~— - 6-00 | 2°40 
Grit from (a) -— - - - 4°16 2 90 
Grit from (b) - —- eget 3°92 2°85 








From the foregoing results it is seen :— 


(1) That the four hours’ treatment with acid permanganate at 
80° F. removes practically all the fatty matter from sewage (at 
least from the above sample). This treatment (with a 3°3 per 
cent. sulphuric acid solution) has also a very solvent action on 
the grit present, as compared with the action of the very dilute 
acid used in a cellulose determination at 100° C. ; 


(2) That the method given for “ cellulose ” determination on p. 48 
is. ashas been already said, only an approximate one, leaving 
as it does, instead of pure cellulose, a mixture which yields up 
about half its weight to the permanganate in the four hours 
test. The method would therefore be improved by the 
inclusion of this permanganate treatment. The subject 
requires further investigation, but these results at least help 
to show what the permanganate of the four hours “ oxygen 
absorbed ” test does not attack. 

G2 
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ESTIMATION OF THE DISSOLVED GASES IN WATERS, EFFLUENTS, ETC. 


In the earlier part of the land investigation, the extraction of the gases 
present in solution in effluents, etc., and the subsequent analysis of these 
gases were done in the apparatus devised by Dr. W. E. Adeney, and fully 
described by him in the /ransactions of the Royal Dublin Society, Vol. Y. 
(Series IT.), page 39 e¢ seg. In this apparatus the gases from a given volume 
of effluent (usually about 200 c.c.) are boiled out 7 vacuo, and measured at 
known temperature and pressure over moist mercury in a carefully calibrated 
burette. As a matter of personai preference, however, we have substituted 
for the “laboratory vessel” a bent capillary which delivers the gases into a 
loose uncalibrated tube, in which they can be kept for any length of time. 
And for an absorption apparatus we employ a tube about 12 to 13 c.m. long 
by. 19 m.m. internal diameter, drawn out as shown in Figure 6. By 


Ficure 6. 
Not To SCALE. 


having the tube of this shape one is able, with practice, when making an 
analysis, to return the whole of the unabsorbed gas to the burette quite free 
from any traces of absorbent (potash, etc.); or, if a minute bubble of gas 
is left behind, this measures only 0:01 to 0°02 c.c., and can be allowed for. 

The volume of gas obtained from a land effluent depends mainly upon 
whether it comes from a surface irrigation or a filtration farm; in the latter 
case the amount of ‘“ free” carbon dioxide may be very great. The gases 
from the Nottingham and Aldershot Camp farm effluents may be taken as 
representing filtration farms, and those from the South Norwood and Leicester 
effluents surface irrigation farms. In practically all cases, however, 200* c.c. 
of effluent give a suitable quantity of gas for analysis, whether the liquid 
be boiled out without or with the previous addition of a little dilute sulphuric 
acid, according as nitrite is present or absent. This liquid must of course be 
drawn into the Adeney apparatus from the lower portion of the containing 
bottle, immediately after the latter has been opened. 

It is unnecessary, when examining a water or an effluent in the course 
of an ordinary analysis, to look for any other gases than carbon dioxide, 
oxygen and nitrogen. For absorbing the carbon dioxide we use a few drops 
(about 0°25 to 03.¢.c.) of rather strong potash (three times normal. ora 
little stronger), and for absorbing the oxygen about the same volume of 
aqueous pyrogallic acid (roughly 1in 10, or stronger). These are introduced 
into the absorbing tube by means of a small bent pipette, and it helps te keep 
one’s mercury clean if, after drawing up an absorbent into the pipette, the 
latter is then dipped into a small glass of mercury, then into water and 
dried with paper, the pipette being thus sealed with mercury. 

The use of this apparatus for following out the fermentative changes in _ 
polluted waters has been fully described by Dr. Adeney in the paper — 
referred to, and other later ones. 

The apparatus is also, of course, equally well suited for the examination 
of gases drawn from filter beds or evolved from septic tanks, or, indeed, for 
the analysis of any mixture of the ordinary gases, and we have used it 
largely for these purposes. When carbon monoxide has to be tested for, we 
use as absorbent a few drops of a solution of cuprous chloride in hydro- 
chloric acid, afterwards made alkaline with ammonia in the absorbing tube ; 
and after the absorption of the carbon monoxide we wash the residual gas 
with a very little water before proceeding to examine it further for methane 


* Actually 200 e.c. plus the small volume representing the capacity of the capillary and inlet 
tube to the burette ; this was in our case 2°6 c.c. 
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and hydrogen. Should one. or: both of the latter gases be present in the 
residual nitrogen, a. suitable, quantity of this residue is exploded with’a — 
measured volume of.pure oxygen* in an ordinary explosion tube. All the 
readings are, of course, done in the Adeney burette. | iF Ae 

». The order in. which the gases are estimated in. such a. mixture as has | 
just been described is :— ) : , 


Carbon dioxide. 
Oxygen. 


. Carbon monoxide. 


= =. a 


Hydrogen and Methane. 


or 


Nitrogen. 


In conclusion :—After a long experience of this apparatus we can only 
record our testimony as to its great value, both with respect to convenience 
of working and to the accuracy of the results obtained. 


Quick Approximate Determination of Dissolved Oxygen in Waters and 
Efiuents. 


When an approximate estimation of the Dissolved Oxygen only in a 
water or an effluent is required, the method worked out by Sir William 
Ramsay and Miss Ida Homfrey is often very convenient (Journal of the 
Suciety of Chenrcal Industry, November, 1901). As is well known, it depends 
upon the oxidationsin ammoniacal solution of colourless cuprous to blue. 
cupric salt, the: depth of the blue being then compared with that of. 
standard tubes representing: 1,2, 8:¢.c. of dissolved, oxygen per litre... 

The apparatus and procedure are so fully described in the paper already, 
cited that only a few further notes need be added here. 





For the preparation of Cuprous chloride we have always followed 
Wohler’s method (Annalen der Chemie, Vol. 130, p. 373), viz., a nearly- 
saturated solution is made of equivalent quantities of sodium chloride 
and cupric sulphate (7,¢. 2NaCl+CuSO,, 5Aq), allowed to stand over- 
night, and filtered clear next day. ‘Sulphurous acid gas, well washed, 
is then passed through this solution to final saturation, the end of 
the gas tube which dips into the liquid being enlarged to a sort.of small cup 
or funnel, so as to obviate risk of stoppage as the .cuprous chloride 
crystallizes out. The resulting magma having been allowed to stand_in its 
stoppered vessel overnight, to get some further crystallization, it is then 
rapidly passed through a funnel containing a platinum cone only, by the aid of 
the filter pump, pressed with a glass spatula, washed a few times successively 
with aqueous sulphurous acid, alcohol and ether, and dried preferably ¢n vacuo 
in the dark over sulphuric acid. No time must be lost over the filtration and 
washing. In this way one easily obtains a good stock of pure dry cuprous 
chloride. It should be kept in‘a stoppered tube placed inside a larger one 
containing some fragments of chloride of calcium, the whole being wrapped 
round with black cloth; from this a little of the salt is transferred, as 
required, to the tube in daily use (which must also be coated with black 
paper and kept over calcium chloride). Only a minute quantity of this 
cuprous salt is required for an oxygen estimation. 

Preparation of Standard Tubes. These can be conveniently prepared 
from time to time by saturating distilled water with air at a known 
temperature and comparing the blue which this gives with cuprous 
chloride, etce., with that of a dilute solution of cupric sulphate~containing 
excess of ammonia. The volume of oxygen necessary to saturate distilled 
water at a given temperature being known, its colour equivalent in 











* This is most conveniently prepared by heating a little permanganate of potash in a tube 
of hard glass. and passing the escaping gas over soda lime before collecting it. 
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ammoniacal cupric sulphate can be easily made, and proportionate amounts 
of the latter can be taken to make up the standards with pure distilled 
water and ammonia. These standards should always contain a large excess 
of ammonia, and it is needless to say that the tubes ought to be scrupulously 
cleansed beforehand, and that the blowpipe flame should never be allowed 
to impinge on the inside. They are best filled through a long, thin funnel- 
tube, after which they are sealed by a small blowpipe flame (Sze Figure 7). 


FIGURE 7. 
Not TO SCALE. 


It should be borne in mind that the colour in the standard tubes gradually 
fades, hence these should be renewed at intervals, say, every six months or 
so. The extent of this loss of colour by the ordinary sealed standard 
tubes is shown by the following readings ; when not actually in use these 
tubes had been kept in the oxygen box, i.e. they had been in the dark 
nearly all the time. 


VALUES OF OLD STANDARD TUBES AS READ AGAINST NEW ONES. 


A. Tubes made | B. Tubes made} C. Tubes made | D. Tubes made! E. Tubes made 

probably probably Nov. 27th, 1900.|Aug. 14th, 1902. Aug. 10th, 1903. 

Original | towards the end | towards the end 
value. of July, 1900. | of July, 1900. 
Re-standardized| Re-standardized| Re-standardized |Re-standardized | Re standardized 

Nov. 27th, 1900./Nov. 27th, 1900.|Aug. 14th, 1902.|Aug. 10th, 1903, Aug. 21st, 1904. 














1 cc. 0°6 0-0 Trace. Rather less 0°85 
than 1°0 
2 ¢.¢. 1°6 1:75 1:4 16 2-0 
3 ¢.c. 2°5 235 1°75 2°8 3-0 
4 cc. 3:3 3-1 31 | 4-1 40 
5B c.c. 4°3 3°5 eos A*85 5:0 
6 c.¢. 5°6 5°75 2°0 59 5°85 
7 cc ieee ae, 3°4 6°8 6°5 
7 
8 ¢.c = | = 1:9 7:0 80 














a5 


If this method is carried out with ordinary care, there is no difficulty 
in getting a blank——or practically a blank—result with boiled-out water or 
effluent. Again, in the case of drinking waters and colourless or nearly 
colourless effluents, the oxygen figures obtained are substantially correct. 
Further, it is very rare to find in any effluent, whether from land or 
artificial processes, sufficient nitrite to interfere materially with the 
estimation. Considering, therefore, the ease and rapidity with which an 
approximate determination of dissolved oxygen can be made in this way, 
the method is— within its limits—of great value, more especially when the 
aeration of the water of a stream has to be determined on the spot. With 
the ordinary blue standard tubes, however, the process is not applicable to 
effluents which are at all deeply coloured, the addition of the ammoniacal 
cuprous chloride giving with these a green instead of a blue colour. The 
authors of the method got over this difficulty in the laboratory by adding 
a trace of an alkaline solution of para-nitrophenol (after the other reagents) 
to the open-tube standard, in order to give it a colour similar to that 
produced by the (yellow or brown) effluent. We have not ourselves tried 
whether permanent green standard tubes could be thus made, but it would 
be desirable to do this. 


Determination of the Dissolved Oxygen in Waters and Effluents by Winkler’s 
Method as modified by Rideal and Stewart.—{“‘ Analyst,” Vol. 26, p. 141 
(1901) |. 


We have latterly made most of our determinations of dissolved oxygen 
by the above method, and have found it very satisfactory, and also fairly 
quick, The principle on which it depends is the oxidation in an alkaline 
liquid of manganous oxide to a higher oxide of manganese, the subsequent 
liberation of iodine from potassic iodide by this in the now acidified solution, 
and the titration of the liberated iodine by thiosulphate. Full details of 
the process are given in the paper just cited, but the main points may be 
repeated shortly here. 


Solutions required :— 


(1) Concentrated sulphuric acid. 

(2) Deci-normal permanganate of potash. 

(3) A 2 per cent. solution of potassium oxalate. 
(4) A 33 per cent. solution of manganous chloride. 


(5) A mixed solution containing 50 per cent. caustic soda and 10 per 
cent. potassium iodide. 


(6) Concentrated hydrochloric acid free from chlorine. 
(7) a Sodium thiosulphate. 


Process._-A stoppered bottle of about 300 to 350 c.c. capacity is 
completely filled with the sample of water or effluent, avoiding any 
appreciable aeration in doing this, and 1 ¢.c. sulphuric acid together with 
sufficient of the permanganate solution are added, to leave a slight excess of 
permanganate after the whole has been mixed and has stood for 10 minutes (the 
object of this is to oxidize any nitrite present to nitrate). The proper 
amount of permanganate is best determined by a preliminary trial on, say, 
25 or 50 ¢.c. of the sample; this having been done, about 071 ¢.c. in excess 
of the calculated quantity of permanganate 1s added to the bottle-full taken 
for analysis. After 10 minutes any excess of permanganate is destroyed 
by the addition of 0% to 1° cc. of the oxalate solution, the bottle being 
quickly opened and re-stoppered. When the liquid has again become 
decolorized as regards permanganate, 1:0 ¢.c. of the manganous chloride is 
run in at the bottom of the bottle from a pipette, and immediately. after- 
wards 3:0 c.c. of the mixed soda and iodide solution in the same manner. 
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The bottle is then closed, rotated to mix its contents, and the precipitated 
oxides of manganese are allowed to settle. After this 5°0 cc. of hydro- 
chloric acid are run in, also at the bottom of the bottle, and the bottle kept 
in the shade for five to 10 minutes, with frequent shaking. It now only 
remains to transfer the liquid to a porcelain basin and titrate the liberated 
iodine with thiosulphate. The oxygen-equivalent of the latter being known, 
the amount of dissolved oxygen present in the sample is readily calculated. 
A slight correction can, if wanted, be introduced for the volume of. the 
liquid displaced by the reagents and for the dissolved oxygen contained in 
these latter. 


As already stated, we have found this method very satisfactory, although 
time has not yet allowed of more than one or two comparative determina- 
tions by ourselves between this process on the one hand and the boiling-out 
and copper chloride methods on the other. Once the necessary solutions 
have been made, the time required for an oxygen determination by the 
_manganese method is about an hour, other work being sandwiched in, while 
several such estimations of oxygen can be done alongside of one another 
with very little additional expenditure of time. 


Analysis of Sotls. 


The methods adopted for the mechanical analysis of soils and subsoils, 
together with the determination of the lime in these, are fully detailed in the 
Chemical section of the Report on Land Treatment of Sewage™ pp. 275-301. 


Analysis of Sludges from Filter Beds and Tanks. 


A number of these have also been examined more or less fully. Any 
details worthy of mention will be given under the analysis of the individual 
sample. 


Heavy Metals in Sludges and in Effiuents. 


Beyond making an estimation of the arsenic in various sludges, we have 
not yet done any work, to speak of, on this subject. The method adopted 
for the determination of arsenic was the basic method of Newlands and 
Ling, followed by precipitation as sulphide and subsequent marshing. For 
rt a the Report of the Ruyal Commission on Arsenical Poisoning (1903), — 

Oli 
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* Part Il. Chemical Report, by Dr. G. McGowan. 
+ Appendix 23, p. 227. McGowan and Floris on “Tests for Arsenic in Fuel.” 





CHANGES UNDERGONE BY SEWAGE WHEN KEPT I 
THE DARK). 


On Monday, 9th June, 1902 
Sewage were drawn. At 5 
poured into a lar 
solids were reject 
half Winchesters were filled from i 
turn, 1.¢., every bottle received one 
poured into any. So far as could 
The bottles were filled completely 













nalysed — - : 


Parts per 100,000 
by weight. 


mmoniacal nitro- 
gen - : - 


Ibuminoid nitro- 
gen - : “ 


itrous nitrogen - 
itric nitrogen - 


otal nitrogen by 
Kjeldahl method 


ank = - 


X "nitrogen - 
tal Organic 

nitrogen - 3 
Jxy gen absorbed 
from permanga- 
nate at 26°7° C. 
(80° F.) at once - 
Jxygen absorbed ” 
from permanga- 
nate at 26°7° C. 
(80° F.) after 4 
hours - = 
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Jorine - - 


tal solids (gravi- 
metrically) 


lids in suspension 


lids in solution - 


arts per 100,000 
by Volume. 


ids by centrifuge 


marks - - 


Turbid and brown. 


. age smell. 


No. 1. 
10th June, 1902 


1°82 
0:0 


* Not tested for. 


13°56 


(0-33 in 10-19) 


3°00 


16°87 
10°60 


119-7 { 56-4 Volatile 


63°3 Non-Vol. 


.y f 28°9 Vol. 
42) 13-2 Non-Vol. 


16 27°5 Vol. 
50°1 Non-Vol. 


289 


Not 
a very large amount of 
brown sediment. Sew- 
Alkaline. 





+ This solution was about half normal, 7.¢., contain 
{ Estimations (a) and (5) 
added before evaporating, 


_very low for the season. 
sewage itself in the bottle was 16°—18° ©. (61°—64° F.), and this would 
probably be about the average temperature throughout. 

H 
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APPENDIX 1. 


p.m. 


N A FULL BOTTLE (NOT IN 


» at 11 am., three Winchesters of Ealing 
in the laboratory their contents were 
arge pieces of paper and other coarse 
s then kept constantly stirred, and four 
t by pouring into each a beakerful in 
beaker before the second beakerful was 
be judged, the samples were very even. 
and kept at laboratory temperature. 





Now 
11th June, 1902. 


) 
071 Two drops of 
Na, CO, Aq. | 
1:79 added. t 
13°48 


(0°33 in 10°13) 
1-48 


3°39 


15:77 
10°60 
115-7 


40-3 { 30°2 Vol. 


5-4 { 23°4 Vol. 


244 


The same in character as 


Sample No. 1. 





f 53-6 Volatile. 
\ 62:1 Non-Vol. 


10°1 Non-Vol. 


| 52-0 Non-Vol. 


No. 3. 
12th June, 1902. 


Wige Two drops of 
Na, CO, Aq. 
154 added. 
13°49 


(0°33 in 10°14) 


1:27 


15:23 
10°54 


114-1 { 53°4 Volatile. 


34°71 Vol. 


40°2 6:1 Non-Vol. 


.q { 19°3 Vol. 
73°9 \ 54°6 Non-Vol. 


257 


Much the same as Nos. 1 


and 2. 


11°78 


10°66 


| 60-7 Non-Vol. 


36°9 





No. 4. 
16th June, 1902. 


Na, CO, Aq. 


IN drops of 
added. 


0-72 } 


(0°33 in 10-20) 
1:07 
1:79 


14-53 
(a) ie OL VO 
10:50 10-30 


119-3 { 55:8 Volatile. 


56°5 Non-Vol. 


f{ 29°4 Vol. 
\. 7:5 Non-Vol. 


154 { 26°4 Vol. 


49°0 Non-Vol. 


199 


Rather more turbid than 


the preceding samples. 
There was now a smell 


of sulphuretted hydrogen along with that of 
sewage. Not appreciably blackened. Alkaline. 


* Though in all probability no nitrate was present, it might have been well to have tested for it in the first instance. 


ed about 27 grms. Na,CO, per litre. 
were done by filtration and evaporation only ; in the case of (c) a little sodium carbonate 
and the residue was charred, etc. 


During the week covered b 





y the above estimations the temperature was 
On Tuesday, June 10th, the temperature of the 


APPENDIX 1—continued. 


__. The main conclusions to be drawn from this experiment are— 


1. That sewage, in the absence of oxygen and nitrate, undergoes little 
change for the first two days at a moderate temperature, and for 
six days, at all events, there is no alteration in the total amount of 
nitrogen present. 


2, The changes which it does undergo are in the following direction :— 


(a) The ammoniacal nitrogen increases slowly at the expense of the 
organic nitrogen, there being a steady diminution doh in the 
‘albuminoid ” and in the “ X ” nitrogen. dae 


(ps) There is a gradual increase in the amount of readily putrescible 
matter as measured by the “ oxygen absorbed ” from perman- 
ganate at once. 


(c) The suspended solids also show a slight diminution in quantity, — is 


but upon this point it is not safe to generalise without further 
data. | 
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APPENDIX 2. 


EXPERIMENTS showing the breaking-down effect of Water and 
Alkali upon Sewage : 


(a) Dilute Solution of Caustic Soda. 


Noy. 10th, 1898.—To 100 cc. of sewage, 50 ¢.c. distilled water and 
0-05 grm. of caustic soda were added, and the liquid was then distilled. 
Subsequently five other separate quantities of 50 c.c. water were added and 
the distillation was repeated after each addition, but ammonia still continued 
to be given off. This proves that it is inadmissible to add to a sewage more 
thau the slightest excess of alkali. 


(b) Freshly-preewpitated Silver Oxide. 
This was taken as being a mild “ alkali.” 








1898. | 
Novy. 14th 70 c.c. Sewage, about 50 c.c. dis- sivaart re 
tilled water, and 0:2 grm. moist Mit 
oxide of silver were taken : 
be * - | Distilled 50 cc. - - - - | Too much ammonia to nesslerize. 
» 15th - | Added 50 c.c. water and distilled - (lst 25 c.c.- Nessler ; very dark brown. 
\2nd 25 e.c. - do. 
i 50 _ |fist. 25 ec. - do. 
Hi fs “ - 3 2 2nd 25 c.c. - - 0:000019 grm. NH,. 
, 50 Ist 25 cc. - - 000015 (Pale yellow) 
cH ” v5 ¥ 2 2nd 25 c.c. - ‘000002 = (trace) 
Ist. .25 ¢@.c. - - °000022 
ey | OP s v {ona 95 c.c.-  - 000009 
Ist 25¢.c.- ~- ‘000009 
: B - OO ‘ 3 - |, 2nd 25 c.c. + - ‘000010 
3rd 25 c.c. - - 000009 
. fist 25ec.- - 000015 
»» 7th py OO z » "ond 25 e.0.-  - -000010 








Moist oxide of silver thus breaks down sewage much less ener- 
getically than dilute caustic soda, but still its action is very marked. 





(c) Water alone. 





1898 
Nov. 10th - 100 c.c. of sewage were mixed with 75 c.c, distilled water, and 75 c.c. of the 
-mixture were distilled over. Then six further additions of water were made, 
as given below, 50 ¢.c. at a time :— 
Distillate. NH, found. 
aie os. - | 100 cc. sewage+75 c.c. water - | Ist 75 cc. - - | Too much to estimate. 
» » - | 50 ¢.c. water added - - =| 2nd '50'C.c.: = - 
25) C202 1*= » 
Gul asyee 2 00 €.C, xs - - = 1 Srd..50 4° 29-¢.¢, 00001 grm. (2.¢., 
( ‘01 part per 100,000). 
Ist 257¢-¢; 000019 
» ith - | 50 cc, + ee ae a { Ond 25 ce. 000010 
Ist 25 c.¢. 000007 
aan ” : 5 ‘i - { 2nd 25 c.c. none 
( 1st 25 cc. 000008 
» 12th - | 50 cc. prog OL duort) > 50 1 ond 25 cc. 000003 
Ist 25 c.c. none 
”» 9 50 ¢.c. ” . y = 50 { 2nd 25 c.c. none 











These figures show that the hydrolytic action of water alone is. not 
great in the time covered by an estimation. 


A further experiment s 
until it was ammonia-free, 


redistilled, all the ammonia added was given off readily. 


howed that if a 


sewage was distilled with water 


and if a given quantity of ammonium chioride 
in excess of water was added to the residual liquid and the latter 


The organic 


matter of the sewage does not therefore keep back ammonia. 
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APPENDIX: s: 


VoLATILISATION OF AMMONIA from very Attenuated Solutions of Ammonium 
Salts, when these are heated in glass vessels. 


It has long been known that,when a strong solution of ammonium chloride 
is warmed, a considerable quantity of ammonia escapes. But, so far as we are 
aware, no one has published the fact that all the ammonia escapes with the 
steam on distilling a very attenuated solution of an ammonium salt from a 
glass vessel, even if that solution contains a trace of acid. On discussing 
the point in the beginning of the year 1899 with the late Dr. A. P. Aitken, of 
Edinburgh, we found that he had already made the same observation, but had 
never published it. As Sir William Ramsay pointed out, this volatilisation 
was in direct contradiction to the electrolytic dissociation theory. It did 
not arise from the salt as a whole being carried over, for no hydrochloric 
acid (of the ammonium chloride) was found in the distillate. It was some 
time before it occurred to us that this volatility might be due to the action 
of the alkali in the glass ; but subsequent similar experiments made with a 
platinum basin (in default of a platinum still) showed that this was the 
cause, 

It will be noticed that the quantities of ammonia volatilised are quite 
appreciable when compared with the amounts ii: a sewage, an effluent, or 
a water. 

The ammonia was added as chloride, sulphate, or nitrite, and the 
distillates were nesslerized in the usual way. ‘ 


Mistillation in a Glass Retort. 

















NH,. taken NH, found 
(Grms,) : (Grms.) : ) 
NH, (as NH, Cl) - - | 00004in 100 c.c. water! -0000395 Practically all came over in 
the first 50 c.c. 
syste yu tosth eae eee OOO UOTE IG mma 00019 ‘ : i 
4 ee - - | 00097 in 140 i 00094 This required two additions of 
75 and 50 c.c. water, and 
re-distillation. 
% ey - - | 00664 in 175 5 00398 This went on for a very long 
time, with many additions 
. of water. 
NH, [as (NH,),S0,] - - | 00005 in 150 a 00005 Came over in the first 50 ¢.c, 
», (as NH,Cl42H.SO,)- | -00090 in 150 ns None. —— 


- (as NH,C1+4H,SO,)- | -00101 in 150 55 | Only about 1} In first 50 c.c. 


per cent. of 


the whole. 
» (a3 NH,Cl+3,H.SO,)| -00103 in 150 » |About i0 per} In first 50 ce. 
cent. of the 
whole. 
(as NH,Cl+4,H.SO,) | -00101 in 120 7 ‘00073 This required four additions 


of water of 100 c.c. each. 











The reaction of this last solution to litmus paper was tried after the 
distillation. There was no perceptible change in the blue litmus after ten 
minutes. F | 

Compare also the figures given in Appendix 4, pp. 62-63, for the distil- 
lation of dilute solutions of ammonium nitrite in glass and platinum. 
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APPENDIX 3—continued. 


DistTILuaTIon of dilute solutions of Ammonium Salts in a Platinum 
basin, the residual liquid being nesslerized. 








NH, taken ee in the 
neg (Grms.) : 
NH, (as NH,Cl) - - | 000050 in about 100 cc water, which ‘000050 


was evaporated down to 50 ce. 


», (as NH,Cl) - - | ‘000052 in 100 c¢.c. water, boiled down to 000049 
50 ¢.¢. 
,, (as NH,NO,) - | 000192 in 160 cc. water, boiled down 000166 


to about 50 cc. and made up to 
100 c.c. with distilled water. 





For further details of this last experiment, see Appendix 4, p 63. 


62 
APPENDIX 4. 


—$§ ——. ——— ——— 


To snow the comparative stability of a dilute solution of Ammonium 
Nitrite kept in the dark. 


The solution of Ammonium nitrite was made on May 26th, 1899, by 
grinding up silver nitrite with a dilute solution of ammonium chloride. It 
contained a slight excess of the latter. 


May 26.—On this day it was standardised against potassium nitrite 
solution, which was afterwards standardised on June 5th 
against Permanganate and Thiosulphate :— 


1 c.c contained - - 0:00001719 grm. Nitrous Nitrogen. 
29.—-1 ¢.¢. " =, = UO DO000LTL9 a ‘ . 


Standardised against a new solution of potassium nitrite :— 


) 


June 8.—-lc.c. contained - - 0:00001721 grm. Nitrous Nitrogen. 


The m-phenylene-diamine method was used here. 


The following estimations of the Ammoniacal Nitrogen of the Nitrite 
were also made :— | 


June 7.—1 ¢.c contained - 0:00001933 grm. Ammoniacal Nitrogen. - 
8.—1 ce. - 000001923 __,, 40%, 3 


>? 9 


The above figures show that a dilute solution of ammonium nitrite in 
distilled water is really very stable. | 


DistILLation of a dilute solution of Ammonium Nitrite from a glass 
retort, using (a) pure water, alone, and (6) water containing a trace of alkali. 
The solution also contained a little Ammonium Chleride. 


May 29th, 1899. 


(a) 500 c.c. water were boiled down to about 425 c.c., and 
then the ammonium nitrite was added. Three portions 
of 50 c.c. each were now distilled off and nesslerized 


separately :— 
Ammoniacal Nitrogen. 
Taken (as NH,NO,) — - - - ‘000097 grm. 
Found - - - - - - ‘000097, 


(5) The same as (a), only in this case caustic alkali was 
added, equal approximately to ‘00028 grm. of nitrogen, 
i.e, equal to about three times the ammoniacal nitrogen 


of the added nitrite :-— 
Ammoniacal Nitrogen. 


Taken (as NH,NO,) . - - ‘000097 grm. 
Found - - - - - - (000090 __—,, 
Nott.—The assumption is made here that the dilute solution 


of nitrite used had not altered during the last two days ; it had 
been kept in the dark. (Cf. above.) 


In the residual liquids, the nitrite (with probably a trace of nitrate) was 
estimated as ammonia by means of the copper-zinc couple. 
Nitrous Nitrogen. 
Taken (as NH,NO,) - ‘000086 grm. ‘000086 grm. 
Found - - - ‘000072 _,, ‘000079, 
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APPENDIX 4—continued. 


DisTILuaTion of dilute solutions of Ammonium Nitrite in Glass and 
Platinum. (A little Chloride of: Ammonium was also present here.) 


June 8th, 1899.—1. Glass Retort 


500 c.c. water + 5c.c. of a dilute solution of NH sNO, were taken 
and 150. c.c. were distilled. off :-— we 


Ammoniacal Nitrogen taken 


- - ‘000096. 
‘3 found in distillate - - °000101. 


The. residual liquid) was then boiled down to 30 ¢.¢., 


made up: to 
100 c.c. with distilled water, and the nitrite estimated in 20) c.c. of this 
by m- phenylene- diamine : — 


”? 


Nitrous Nitrogen taken 


: - 000086. 
- - 000075. 


nas 


if found - 





9,—2. Platinum Basin. 


150 c.c. water +:10 ¢.c: of the above NH,NO, 


solution were boiled 
down to about. 50 c.c., the residual liquid made up;to.100 c.c., and the 
ammonia and nitrous an determined. 


Taken. | Found. 


Ammonical Nitrogen - - | 000192 | 000166 


Nitrous Nitrogen - - | 000172 | 000142 








The above figures prove that when a very dilute solution of ammonium 
nitrite is boiled, either in a glass or a platinum vessel, comparatively little of 


the nitrite is lost, either through oxidation to nitrate or through the breaking 
np of the nitrite into nitrogen and water 
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APPENDIX 5. 


EXPERIMENTS SHOWING THE-LOSS OF Nitrous NITROGEN WHICH MAY OCCUR. 
WHEN EFFLUENTS ARE BOILED DOWN FOR NITRATE ESTIMATION, UNLESS 


SUFFICIENT FIXED BASE IS PRESENT. 


Method.—In the first set of two experiments an effluent from Caterham 
Barracks (No. 41) was used, and in the second set of seven experiments an 
“artificial effluent”, made from solutions of potassium nitrite, potassium 
nitrate, ammonium carbonate and ammonium chloride of known strengths. In 
this second set the ammoniacal nitrogen in the ammonium chloride added 
was about 3:0 parts per 100,000 (limit of error, say, 0-1 part either way) ; 
this gives the chlorine as about 7°5 parts per 100,000. The total ammoniacal 
nitrogen was about 6°0 parts per 100,000. 


The nitrous nitrogen having first been estimated in the original liquid, a 
known volume of the latter, diluted to about 150 ¢.c.,. was boiled down as 
usual to about 20 to 30 ¢.c., and the residual liquid was made up to a given 
volume with distilled water. An estimation of nitrite in one portion of this 
diluted residue gave, by difference, the loss of nitrous nitrogen that had 
occurred in the boiling down. In a second portion of the residue the 
nitric + nitrous nitrogen together were estimated by the copper-zinc couple 
method, and this result was compared with the corresponding “couple” 
estimation in the unboiled liquid, the difference between the two repre- 
senting the total loss of oxidized nitrogen in the boiling down. The small 
difference between (a) the total loss of oxidized nitrogen and (b) the loss 
of nitrous nitrogen alone is due either to a slight loss of nitric nitrogen or 
to error of experiment. 


The experiments with the Caterham effluent were less satisfactory than 
those with the artificial solutions, because in the former the amount of 
ammonia was relatively larger as compared with that of the nitrite — 
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APPENDIX 6. 


EXPERIMENTS MADE IN ORDER TO SEE WHETHER ANY LOSS OF Nitric NITROGEN 
TAKES PLACE WHEN SOLUTIONS CONTAINING AMMONIA, NITRATE AND 
CHLORIDE, IN QUANTITIES SIMILAR TO THOSE FOUND IN EFFLUENTS FROM 
STRONG SEWAGES, ARE EVAPORATED TO A SMALL VOLUME. 


Method.The solutions employed were Potassium Nitrate, Ammonium 
Carbonate, Ammonium Chloride and Sodium Chloride. After these had 
been mixed in the required proportions for an experiment, the solution was 
made up to 150 c.c. with distilled water (this being the usual volume when 
making estimations of nitrate in effluents containing large quantities of 
ammonia), and boiled down to about 18 ¢.c. in a small Jena flask over a 
rose burner. When cool, the liquid was made up to a given volume with 
distilled water, and a suitable portion was taken for the estimation of nitrate 
by the copper-zinc couple method, the usual “blank” experiment being, of 
course, carried out concurrently. A small amount of nitrate, present in the 
reagents other than the potassium nitrate, which amounted only to a cor- 
rection of 0°3 c.c. Ammonium Chloride in 39°5 ¢.c., was determined and 
allowed for in the results tabulated on the following page :— 
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APPENDIX 7. 


(1) Testing MancGaNnesE Mup From KJELpAHL PortasH REsIDUES FOR: 
NITROGEN. 


«A quantity of this mud was washed with water two or three times by 
decantation, but there was still a very appreciable quantity of alkali left in 
it. 16°55 grms. of the wet mud™*, with all the supernatant water possible 
pipetted off, were then subjected to the Kjeldahl process. The ammonia. 


ultimately found required for neutralisation 0-25 ¢.c. of (approx.) a acid.. 
But the “ blank” required 0°30 c.c. 


There was thus no Nitrogen in the Manganese Mud. 


(2) SoME BLANK KJELDAHL ESTIMATIONS, INCLUDING A FEW WITH 
Zinc Dust. 


Estimations 1 to 6 were made with reagents which were not purified. 
Estimations 7 and 8 were made with reagents purified as stated (excepting 
that at this time the sugar solution was not previously boiled up with 
potash, and fragments of zinc were used in the final distillation), 


In every case 100 c.c. distilled water was used as the liquid. 


The results are stated in fractions of a c.c. of approximately decinormal. 
acid. 


(1) 10 cc. sulphuric acid (not “Nitrogen free”) + potash (about: 
35 grms. of 75 °/, KOH). 
November 8th, 1898 - - - 0°20 cc. acid: 
March 7th, 1899 - : - 0°20 GG; 7, 


(2) 10 cc. sulphuric acid (not “ Nitrogen free”) + 10grm. Na,SO,. 
10 Aq + potash. 
November 17th, 1898 - - 0°26 «ec. acid. 
January 24th, 1899 - - ae) 20 GIG. 


(3) 10 c.c. sulphuric acid (not “ Nitrogen free”) + 10 grm. Na,SO,,. 
10 Aq + 02 grm. sugar + potash. 1 
December 19th, 1898 : - 0°44 cc. acid. 
(4) 10 c.c. sulphuric acid (not “ Nitrogen free”) + 10 germs. Na,SQ,,. 
10 Aq. + 2 grms. zinc + 02 grm. sugar + potash. 


January 16th, 1899 - 0°60c.c. acid, equal to 00092 grm. N,.. 
January 19th, 1899 - 054 ,, 
March, 8th, 1899 - - 0°54 


9) 





* Norr.—The mud was fairly thick, but the water in it was not estimated. 
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APPENDIX: _7.—continued. 


(5) 10 c.c. sulphuric acid (not “Nitrogen free”) + 10 grms. Na,SO,, 
10 Aq. + about 2 grms. zinc dust + 2 grms. salicylic 
acid + potash. 


December 7th, 1898 - - - 0°88 cc. acid. 
December 15th, 1898 - - 089 cc. _,, 
December 22nd, 1898 : - 0°98 ce. 


9 


(6) 10 cc. sulphuric acid (not “ Nitrogen free”) + 10 grms. Na,SO,,. 
10 Aq. + 2 grms. zinc dust + 0:2 grm. sugar + potash. 


December 20th, 1898 : - 0°96 ce. acid. 


(7) 10 cc. “ Nitrogen free” sulphuric acid + 10 grm. Na,SO,, 10 Aq. 
+ potash boiled out with permanganate. 

May 6th, 1899 - - - - 0°28 cc. acid. 

May 8th, 1899 - - - = JIRZ35 Ce, “5; 


Two different solutions of potash were used in these last two estimations. 
This blank is equal to 0:00031 grm. Nitrogen. 


(8) 10 c.c. sulphuric acid + 10 grms. Na,SO,, 10 Aq. + 2 grms. zine 
+ 02 grm. sugar + potash boiled out with permanganate. 
May 2nd, 1899 - - : - 021 cc. acid, 
May 9th, 1899 - - - STAG” 


Some later estimations are higher than this (0°3 to 0:4 cc.) 
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APPENDIX 8, 


Ts THERE ANY QUANTITATIVE RELATION BETWREN THE ALBUMINOID AMMONIA 
FOUND, THE ALKALINE PERMANGANATE REDUCED DURING THE PRODUCTION 
OF THIS ALBUMINOID AMMONIA AT BOILING TEMPERATURE, AND THE ~ 
‘‘ OXYGEN ABSORBED ” FROM ACID PERMANGANATE IN 4 HOURS AT 26°7°C. 
(80°F.) 4 


Three preliminary experiments have been made with the object of 
gaining some light upon the above question. Being so few in number, they 
of course require to be added to, but the method followed may be shortly 
detailed :— 


From 700 c.c. of distilled water 200 c.c. were distilled off, and to 
the residual 500 cc. in the retort there was added sewage, tank 
liquor or effluent in such quantity as to give a reasonable amount of 
albuminoid ammonia (the actual limits were 0°00005 to 0°00014 grm. 
albuminoid nitrogen). The free ammonia was of course distilled off before 
the addition of the 15 ¢.c. of alkaline permanganate used for the albuminoid 
ammonia estimation, the exact value of this permanganate having been 
previously determined by potassium iodide and thiosulphate. At the end of 
the distillation the residual liquor was cooled and made up to a definite 
volume, and a convenient portion of it was titrated with thiosulphate. From 
these initial and final strengths the amount of permanganate used up during 
the distillation was arrived at; the albuminoid ammonia was nesslerized in 
the usual way. Concurrently with the above, a determination of “ Oxygen 
absorbed” from acid permanganate in 4 hours at 80°F. was also made. 

The following table gives the results which have so far been obtained :— 

















Parts per 100,000 by weight. 
. Oxygen absorbed 
Date. Nature of Sample. from Alkaline See pest 
Albuminoid | Permanganate in the pace 5 - t 
Nitrogen. Albuminoid sete hes . 
Ammonia 80° r Y 
determination, + 
Jan. 21st, 1903.' Mixed effluent and 
| Settled Sewage 
| from Haltor- - | 0:29 | 8:28 3°02 
Jan 23rd,1903.| Ealing Crude Sew- 
age filtered through 
| glass wool - - 0-74 38°20 13°98 
Jan. 27th, 1903. | General effluentfrom 
Aldershot Camp 
Farm, drawn Sept. 
8th, 1902 - . 0:10 4°85 2°40 

















With so few data it would be useless to attempt any generalisation, 
excepting that the “oxygen absorption” figures from alkaline and acid 
permanganate follow one another fairly well. We hope to make some 
further estimations of this kind, if time permits. & | j 
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